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DuRiNs the interval whicli has elapsed since the publication'^ 
of the last edition of this work, the progress of Chemistry, though 
not distinguished by essential changes in the general priDCipleu of 
the science has nevertheless been marked, not only by beneficial 
applicationsof those principles to the useful arts, but by the discov- 
ery of a great number of important facts, and of some new and in- 
teresting bodies. Among practical inventions, the Safety Lamp 
of Sir Humphry Davy stands pre-eminent, as a contribution from 
science to the interest of iiumanity, not resulting from accident, but 
suggested by general reasoning, and perfected by an admirable 
train of philosophical induction. — To imr knowledge of individ- 
ual bodies has been added that of a new alkali, a new earth, and 
two new metals; of a gas which, like chlorine, becomes acidified 
by union with hydrogen ; of new acids, composed of osygen in 
combination with chlorine, with nitrt^en, and with phosphorus; 
. and of compounds before undiscovered, derived from the vegetable 
Knd animal kingdoms. In a variety of instances, the properties 
of bodies, that had been long known, have been better ascertained 
and more extensively investigated. Sucli additional evidence, too, 
of the nature of chlorine has arisen out of the further controversy 
respecting it, as to have satisfied me of the propriety of a change 
in its classification. It has been necessary, therefore, again tore- 
rise the whole work with the greatest care ; to make considerable 
additions to many of the sections ; and to introduce a few entire- 
ly new ones. In a chapter of addenda, also, at the close of the se- 
cond volume, the history of discoveries will be found continued ti 
tile latest period which the publication would admit- 
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room for these improvements, without much enlarging the bulk cf 
the volumes, I have rejected everj thing which recent experience 
has corrected or rendered doubtful. 

Though no pains have been spared to render the work a faithful 
abstract to the present state of Chemistry, yet it is not improbable 
that errors and omissions maj still be discovered in it In rectify- 
ing these, I hope to be assisted bj a continuance of those candid 
criticisms, both through public and private channels of communis 
cation, to which I have already been greatly indebted* 

Manchester, 
Oct. 1818. 
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Acetate of alumine, ii 226 
ammonia, ii 225 
barytes, ii 225, 317 
copper, ii 82, 223,226, 377 
iron, ii 22 

lead, ii 107, 227, 316, 377 
lime, ii 225 
lithina, i 195 
magnesia, ii 226 
manganese, ii 226 
nickel, ii 227 
potash, ii 225, 372 
silver, ii 226, 315 
soda, ii 225 
strontites, ii 226 
tin, ii 101 
zinc, ii 110, 226 
Metic acid, ii 221 

modes of obtaining, ii 223 
analysis of, ii 224 
specific gravity no t€St of 

its strength, ii 224 
properties of, ii 224 
mode of ascertaining the 

purity of, ii 368 
ether, ii 216 
AcetouB acxd, ii 221 

obtained from wood ii 

232 
mode of ascertaining 
the purity of, ii 368 
Acids, general properties of, i 223 
most contain oxygen, i 224 
but some produced by hydro- 
gen, i 224 
terminology of, i 224, 225 
supporters of combustion, i 

225, 227 
water an essential element of, 

1225 
law respecting their saturation 

' by bases, i 626 
nomenclature of the com- 
pounds of muriatic and oxy- 
muiiatic, i 346 
metals o^grdized by ii 34, 35 
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AcidSi native vegetable enumerated 
iil55 
specific gravity not always a 
test of the strength of ii 32S 
found in animal substance^; 
ii247 
tests of, ii 383 
acetic, ii 221, 368 
acetous, ii 221, 368 
amniotic, ii 249 
antimonic, ii 115 
antimonious, ii 1^5 
arsenic, ii 122 
arsenous, ii 122 
benzoic, ii 369 
boletic, ii 168 
boracic, ii 16, 368 
Braconnot*s, ii 169 
camphoric, ii 173 
carbonic, i 233 
cetic, ii 244 

chloric, i 339 

chloriodic, ii 27 

cliTomic, ii 132 

citric, ii 156 

columbic, ii 138 

ferro-prussic, ii 255 

femireted chyazic, ii 25 

fluoboric, ii 21 

fluoric, ii 19 

subsilicated, ii 19 

formic, ii 256 

gallic, ii 159 

hvdriodic, ii 24 

hydro-cyanic, ii 253 

hydro-fluoric, ii 20 

hydro-ionic, ii 24 

hydro-nitric, i 303 

hydro-phosphorus, ii 10 

hydro-thionic, i 290 

hypo-sulphurous, i2722842j8 

iodic, ii 26, 27 

kinic, ii 170 

laccic, ii 168 

lactic, ii 257, 276 

lithic, ii 247 

malic, ii 161 

margaritic, ii 246 
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Acids, mellitic, ii aOU 
molybdic, ii V^Ai 
molybdous, ii 134 
moroxylic, ii 167 
mucous, ii 249 

muriatic, i 328, 332, 334 ; ii 367 
murio-sulphuric, i 361 
new vegetable, ii 169 
nitric, i302, 303, 321; ii 311 

367 
nitro-muriatic, i 360 
nitro-sulphuric, ii 64 
nitrous, I 307, 316 ; ii 311. ^^67. 
oleic, ii 246 
oxalic, ii 151, 153, 16 312, 

oxyiodic, ii 28 

oxymuriatic. See Chlorine. 

oxynitric, ii 439 

per-chloric, i 340 

per-nitrous, i 318 

per-sulphurous, i 284, 285 

per phosphorous, ii 10 

phosphatic, ii 3 

phosphoric, ii 168 

phosphorous, ii 8 

prussic, ii 128, 251, 252 

purpuric, ii 248 

pyroligTieous, ii 182 

pyromucous, ii 165 

pyro-tartaric, ii 165 

rheumic, ii 169 

Tosacic, ii 248^ 

saccholactic, ii 249 

sebacic, ii 250 

selenic, ii 119 

sorbic, ii 162 

stibic, ii 115 

stibious, ii 115 
. suberic, ii 195, 196 

succinic, ii 174, 369 

sulphuric, i 264; 272, ii 86, 311, 
366 

sulphurous, i 270 

sulphureted chyazic, ii 255 

tartaric, ii 163, 368 

telluric, ii 117 

tungstic, ii 135, 136 

uric, u 247, 290 

zooiuc, ii 256 

zumic, ii 169 
Adipodre, ii 244 
Adopter, i 31 
•^en/orm bodies. See Oases. 

chemical. See Chemical Af- 

f aggregation, i 37 
■^ctTve, i 54, 71, 72 
ihuig,i60 
nenUoy, i 60 
•4faig, i 60, 61 



Affinity, complex, i 65 
quiescettt, i 66 
divellent^ i 66 
simple, table of, ii 430, 434 
Agriculture, application of chemistry 

to, i xvii ; ii 385 
^ir, expansion of, by heat, ii 409 

compression of, produces fire, i. 
118 
Albitmen, properties of, ii 232 
tests of, ii 233, 235 
not chemically altered by 

heat, ii 233 
cause of the coagulation of, 
ii234 
Alcohol, preparation of, ii 206, 208 

not produced by distillation, 

ii206 
quantity of, contained in dif- 
ferent liquors, ii 207 
properties of, ii 207, 211 
mixtures of water with, ii. 

208, 209 
combustion of, ii 209 
expansion of, li 209 
substances soluble in, ii 210 
solubility of salts in, ii 210, 

211 
analysis of, ii 211, 213 
composition o\\ ii2l3, 214 
action of acids on, ii 214 
use of, as a test, ii 321 
mode of ascertaining its pu- 
rity, ii 378 ' 
and water, specific gravity of 
different mixtures of, ii 208-, 
209 
solubility of substances in, ii 

419 
substances insoluble in, ii 419 
of sulphur, i 296, 298 
sulphurized, i 262 
Alembic, i 30 

Al^aroth, powder of, ii 117 
Alkali, silicated, i 215 

new vegetable, ii 574 
volatile. See AmmoMa. 
AlkaUes, properties of, i 178 

analysis of the fixed, i 181 

volatile, i 195 
204 
direction of adulteration in, 

ii379 
combination of sulphuric 

acid with, i 194 
action of, on metals, ii 38, 39 
■ use of, as tests, ii 313 
tests of, ii 322 
Alkalimeter, ii 379, 383 
Alloys, ii 48« 



I -.^ftwj.ttpt toseparMc when ill fiijuoii, 
■ ii48 

terminolDgy ofi ii 50, 51 
qualities of the ireliiis altered 
in, ii 49, 50, 55 
of iron, ii 9S 
of line, ii Ul 
Hi 281 
component parts of, i 2BI, 282 
mode of ascertaining tlie puri- 



ty of, ii3r3 
luysis of, 440 
. kttempt to decompos 



i 306, 



meihod of obtaining, i2ir 
its propcrlies, i 2l7 
hjdrate of, i 217 
carljotiatc of, i 252 
sulphate of, i 281 

tests of, ii 323 
infians of asceHaining- the pu. 

ritj-of,ii3r3 
sulphite of; 1 386 
nitettte of, i 33? 
muriate of, i 354 
■ acetate of, ii 225 
' stBofaaltsof, ii322 
^i218 
doii, 1 lis I 

imt, iiro See Mkrcurvt 
_ ii 174, 19?- 
acid of. Sec Sucdmc Add. 



Jlvviumia, sulphate of, i S^S 
sulphite of, 1 285 
hydroaulphuret oi; i 293 

as s test, ii 321 

sulphuret o^ i SMr 
hydrogureted milphurel o 

nitrate of, 1324 

muriate of, i 349 
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iia43 
i preparati 
of, i 195 
specific gravity of, i 196 
may he imflamcd when mixed 

with oxygen, i 196 
anidysia of, i 196, 204 
|T''\Tuidly and liu-gely absorbed 
by water, i 19? 
quantitiea In solutions of dif- 
ferent dcusities, i 197 
contains oaygen, i 198 
'Its base foi'ihs an amalgBi 

■with mercury, i 301, 302 
'flUUTe of this amalgam, i 202 
decomposition of, by potas- 
sium, i 203 
h-carbonate nf, ! 244 

mode of pre- 
paring, i 345 

mode of as- 
certaining its purity, 
and that of its solution, 
ii3rO 
bi-carbonate of, i 343 



mode of Jisc 
ingitapurity,ii3?2 
clibratc of, i 358 
solution of copper in, iie3 
oialale d(, ii 154 

important u a 
of lime, ii 1S4 
citrate of, ii 158 
acetate of, ii 22S 
flnate of, ii 313 
use of, as a test, ii 313 
phospliate of, ii G 
succinate of, as a lest, ii 319 
tesu of, ii 322 
solution o^ inethod of as 
taining its purity, ii 3?0 
.^nmimiiico-magnesiau suiphate, i 
^"iBienium, i 202 
Ammonivrett, ii 39 
.-innaoj. Liquor of the, ii 281 
Anmode acid, ii 249 
^aal^tiB of earths and stones, ii 33sB 
inflammable fossils, ii 34? \ 
lime ii 385 " 

marls, ii 38? 
minci'ala in general, ii 3; 
mineral waters, u 305 
ores, ii 3*8 
salts, ii 333 
Animalielly. See Gelatine. 
oU. ii 295 
RubstancES, ii 23? 

method of staninc^ 

hiack, ii 63 
analysis of, i! 32?, 228 
primary, ii 329' 
more complex, ii 3S>' 
^niimonane, ii 4? ' 

Antinvmiatety ii 115 
Aittunmiic acid, ii IIS 
AaCimoniimi acid, ii 115 
Jn/inionifej, illlS 
■Alttimanf/, a 113 

mode of obtaining pun 

ii 113 
osldeg of, ii 41, 114, 115 
acidifitihle, ij 115 
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v^nte'flWn^,i^nitcd, detonates with the 
vapour of water, ii 113 
sulphuret of, ii 115 
glass of, ii 116 

mode of ascertaining 
its purity, ii 373 
hydro-sulphureted oxide of, 

iill6 • 
action of acids on, ii 116 
alloys of, ii 117 
analysis of ores of, ii 351 
tartarized, mode of ascer- 
taining its purity, ii 374 
^nt», acid obtained from, ii 256 
apparatus, chemical, i 28, 111, 
Woulfe's, i 31, 
Cuthbertson's, i 469 
Jlqua fortis, mode of ascertaining the 
purity of, ii 367 
" See JS/ttric Acid. 
regia, ii 52 
Arbor Dianae, ii 49, 63 
Archil, ii 184 
Argentancy i 345, ii 62 
Argentine flowers of antimony, ii 113 
ArsenateSf ii 123 

■Arsenic, mode of obtsdning, ii 120 
properties of, ii 120, 121 
tinges copper white, ii 121 
properties of white oxide 

of, ii 121 
sulphurets of, ii 122 
analysis of ores of, ii 351 
method of discovering, ii 

368, 362 
compound of hydrogen with,. 

iil23 
alloy of potassium with, ii 

124 
acid, mode of obtaining, ii 
122 

properties qi, ii 123 
Arienicaiie, ii 47 
Arseditet, ii 122 
Arsenoua acid, ii 121 

tests of, ii 314, 358 
Arsenureted hydrogen gas, ii 123 
Arts, apphcation of chemistrv to, i 

XX, ii 379 
Aaparagin, ii 200 
Asphaltum, V. 198 
Atmospheric air, i 133, 298 

weight of, i 137 
Atomic theory, i 47 

objections to it, i 51, 
52 
Atoms, i 36 

simple, i 37 
compound, i 37, 48 
component, i 37 
elementary, i 37, 48 



Atoms, organic, i 48 

figure of, i 48 

ultimate of bodiea» weight oi], 
i49;ii420 
Attraction, i 55 
Aurum musivum, ii 101 
Azotic Gas, See JVitrogeiK, 
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Baldvdn's phosphorus, i 326 
Balloons, i 144 
Balsams, ii 174 
arilla, mode of detecting the adul- 
teration of, ii 379, 383 
^anwm, i 208, 209 
Barometer, rules for reducing gases 

to a mean height of, ii 397 
Barytes, anal} sis of, i 207 

properties of, i 207 
base of, i 208, 209 
carbonate of, i 247, 276 

mode of disco- 
vering, ii 363 
sulphate of, i 276 
method of procuring pure^ 

i276 
■ phosphate of, ii 6 . 
sulphite of, i 268 
hydro-sulphuret of, i 293 
hydrogureted sulphuret ofj 
i295 
nitrate of, i 325 
muriate of, i 351 
chlorate of, i 360 
oxalate and superoxalate of, 

ii 154 
citrate of, ii 158 
acetate of, ii 225 

its use as a test, 
ii '317 
use of, as a test, ii 314 
test of, ii 322 
Base, of acid, what, i 221 
Basis, in dyeing, what, ii 183 
Baumt^s hydrometer, degrees of, re- 
duced to the common standard, ii 
402 
Bell metal ii 83, 101 
Beiizoate, use of as a test, ii 320 
Benzoic acid, ii 167 

use of as a lest, ii 320 

j mode of ascertaining the 

purity of. ii 369 
Bi-carbMiaie of lime, i 250 

potash, i 242, 245 
soda, i 244 

i ammonia, i 246 

! Bi-chloride, ii 11 

1 Bi-phospkate, ii. 7 
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JBi-pho8phureted hydrogen gas, how i BoiUng point, i95, 96 



procured, ii 14 

. properties of> ii 15 
Si-ndphate of potash, i 273 
JBi-tartrate of potash, ii 165 
Bite, resin of, ii 269, 270 
of the ox, ii 269 
peculiar matter in, ii 270 
yellow matter of, ii 272 
component parts of, ii 270, 273 
of other animals, ii 270 
human ii 271, 272 
^»/e, calculi of, ii 272 
JBinoxalate of potash, ii 153 
JBismuth, properties of, ii 111 
oxide of, ii 111 
action of acids on, ii 112 
sulphuret of, ii 112 
alloys of, ii 113 
its fumes destroy the ductility 

of g-old, ii 113 
analysis of ores of, ii 351 
JBisnmthoTie, ii 47, 112 
fitter principle, ii 191 

arvificially formed, ii 192 
Mitvtnen^ elastic, ii 198 
MittimeTUf ii 196 

JBlack dye, for animal substances, ii 63 

vegetable substances, 
ii 185 
Slacks 8 furnace, i 29 
JBlack-lead, ii 94 

analysis of, ii 349 
Bleaching, i 130, 360 
Blende, ii 109 

phosphorescent, ii 110, 
Blood absorbs oxygen, i 128 
appearances of, ii 257 
coagulation of ii 257 
serum of, ii 258 
serosity of, ii 258 
crassamcntum of, ii 260 
fibrin of, ii 260 
red globules of, ii 260 
its colour not owing to iron, ii 

261, 263 
its colouring matter maybe em- 
ployed as a dye, ii 261, 262 
action of gases on, ii 263 
effects of respiration on, ii 263, 

264 
acts on the air through the 

skin, ii 265 
its uses in the animal economy, 
ii 266 
Bh-W'pipey i 35 

with oxygen and hydrogen, 
il43 
Boa constrictor, excrement of the, i 
289 



varied by pressure, i 96 
of different substances^ 
ii, 406 
BoleUc acid, ii 168 
Bologrdan phosphorus, i 277 
Bones, ii 295 

distillation of, ii 295 
analysis of, ii 296 
Boracic acid, mode of obtaining, ii 16 
properties of, ii 16 
decomposition of, ii 17 
component parts of, ii 

18 
saline compounds of, ii 

18 
compound of fluoric 

with, ii 21 
test of, ii 322 
mode of ascertaining 
the purity of, ii 368 
Borate of soda, ii 18 

mode of ascertaining 
the purity of, ii 373 
^oroo:, u 18, 373 
Boron, ii 17 

Boylt^a fuming liquor, i 295 
Braconnot, acid discovered by, ii 169 
Brain, analysis of the, ii 302 
Brass, ii 83 
Brazil wood, as a dye, ii 185 

infusion of, as a test, ii 
310 
Bronze, ii 83, 102 
Brooke^s blow-pipe, i 35 
. Bro^h, ii 299 
Butter, ii 274 

of antimony, u 116 
bismuth, ii 112 
zinc, ii 110 



Cabbage, red, acid tincture of, as a 

test, ii 310 
Cadmium, ii 435 
Cajeput oil, ii 181 , 
Calamine, ii 109 
Calcium, i 212 
Calculi, urinary, ii 247, 289 

varieties of, ii 290, 
295 
biliar>% ii.272 
Calico-printing, ii 185 
Calomel, ii 69 

mode of ascertaining its pu- 
rity, ii 374 
Caloric, general observations on, i 72 
repulsive^ i 7^ 
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Caloric, expands bodies, i 75, 78 ^ 

tends to an equilibriiun, i 76 
moves immeasurably quick 

in all directions, i 76 
conducting^ power of bodies 

for, i 76 
effects in which it loses its 
distinguishing properties, 
i77 
absorbed in liquefaction, i 

77 
given out by increasing the 

density of bodies, i 77 
not chemically combined 

when latent, i 77 
capacity for, i 77, 105 
absolute quantity of, i 78 
tends to an equilibrium, i 

85 
its motion, i 85 
reflection of, i 86, ii 30 
refraction of, i 87 
absorption of, i 88 
conductors of, i 88 ii 31 
the cause of fluidity, i 92 
given out by liquids on be- 
coming solid, i 94 
evolved during the separa- 
tion of a salt from its solu- 
tion, i 95 
the cause of vapour, i 95 
its particles repulsive, i 97 
absorbed in evaporation, i 

98 
evolved during the conden- 
sation of vapour, i 100 
the whole quantity in a body 
cannot be measured, i 101 
themically combuied in gas- 
es, i 118 
evolved from gases by me- 
chanical pressure, i 118, 
119 
generally absorbed during 
solution, i 154, 155 
charcoal, a very slow con- 
ductor of, i 231 
admeasurement and effects 

•f, ii 403 
table of effects of, ii 405 
expansion of air by, ii 409 
liquids by, ii 

410 
water by, ii 410 
solids by, ii 411 
glass by, ii 411 
specific, tables of, ii 415 
free, i 74, 79 
toUric, latent, i 77, 92 



Caloric, latent, apparatus for s^howing 
the most important 
facts respecting, i 
367 
ofjlmdity, i 92, 93 
radiant, i 76, 86 
specijic, i 105 
Calorimeter, i 93 
-Camphor, ii 173 

acidification of, ii 173 
artificial substances resem- 
bling, u 173 
Canton'9 phosphorus, i 287 
Caoutchouc, ii 180 

preparation of ether for 
dissolving, ii 217 
soluble in cajeput oil, ii 

181 
mineral, ii 198 
Carbon, i 228 

combustion of, i 231, 343 
gaseous oxide of, i 252 
combination of hydrogen 

with, i 254 
compound of chlorine with, 

1343 
sulphuret of, i 296 
phosphuretof, ii 2 
Carbonates, i 239 

tests of, ii 322 
Carbfmate of alumine, i 252 
ammonia, i 244 
barytes, i 247, 276, ii 

363 
.copper, ii 79 
glucine, i 252 
iron, ii 92 
lead, ii 107 
lime, i 249 
lithina, i 195 
magnesia, i 251; ii 378 
potash, i 239, 242 
soda, 1243 
strontites, i 249 
yttria,i252 
zircon, i 252 
Carbonic acid, i 233 

composition o^ i 233 
method of procuring, 

1235 
properties of, i 235 
generated in several 
cases of combustion, 
i237 
tests of, ii 322 
gas, quantity of, ab- 
sorbed by wa- 
ter, i 152, 236 
method of pro- 
curing, i 235 
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/•arbotdc acid gas, properties of, i 235 
weigfht of, i 236 
its effects on ve- 
getation, i 239 
oxide, quantity of, absorbed 
by water, i 152 
its combination with 
chlorine, i 343 

Carbonoiis oxide, i 252 

method of procur- 
ing, i 252 
proj)erties of, i 253 

Carbosiilphvretg, i 296, 298 
CarbitretSf ii 48 

of iron, ii 94 
of nitrogen, i 260 
Carbureted hydrogen, quantity of, ab- 
sorbed by 
water, i 1-^ 
several varie- 
ties of, i 254 
method of pro- 
curing, i 254 
255 
combustion of, 

i 255, 256 
specific gravity 
of, i 120, 255 
combination 
of chlorine 
with, i 58 

CaHnine, how made, ii 185 

Cartilage^ ii 298 

Casaiut, purple powder of, ii 54 

Castor, ii 243 

Catechu, \i 186 

Caustic, lunar, ii 63, 376 

Cavfk, 1 281 

Cerasm, ii 147 

Cerium^ ii 140 

how procured, ii 140 
action of acids of, ii 141 
analysis of ores of, ii 352 
Ceruse, See White Lead. 
Cetic acid, ii 244 
Chain of cups, galvanic, i 161 
Chalk,! 250 

Chameleon mineral, ii 131 
Charcoal, i 228 

how obtained, i 229 
quantities afforded by dif- 
ferent kinds of wood, i 229 
its properties, i 229 
imbibition of gases by, i 230 
resists putrefaction, i 231 
a slow conductor of caloric, 

i231 
why it makes the best iron, 
u94 



Charcoak how prepared for making 
gunpowder, ii 182 
See Carboiu 
Cheese, ii 275, 276 
Chemical laboratory, i 27 

elements, new system of, 1 46 
apparatus, i 28 
affinity, i 36, 44 J ' "■ 

how exerted, i 45 
causes that modify 

its action, i 55 
if not modified, 
would unite to- 
dies in all propor- 
tions, i 60 
unites atoms in sim- 
ple proportions 
only, i 47 
estimation of its 

forces, i 62 
experimental illus- 
trations of, i 68 
Action, i 44 

its general effects, i 

45 
of C(ftnpounds the 
result of the affi- 
nities of their ele- 
ments, i 60 
will not take place 
without solution, i 
i68,69 
does not take place 
at a perceptible 
distance, i 70 
equivalents, table of, ii'420 
Chemistry, distinguished from natural 
philosophy, i s. 
denned, i z. 

utility of ite study as a sci- 
ence, i vi — xvi. 
modes of teaching, i xxiii x. 
classification of the object<i 

of, i xxiii, xxiv. 
new doctrines and nomen- 
clature of, i 225, 228, 328^ 
329 ; u 35 
economical, i xx. 
Chlorates, i 355 

of ammonia, i 358 
barytes, i 359 
lime, i 360 
potash, i 355 
soda, i 358 
strontites, i 36Q 
Chloric ether, ii 216 
acid, i 339 

how procured, i 33P 
properties oft i 339 
Chlorides^, ii 11 
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Chlotides, of silver, ii 62 
lead, ii 106 
lime, ii 438 
ChloriTie, i 330 

combined with oxygen, i 337 
341 

nitrogen, i 341 
hydrogen, i 

330 
metals and 
their oxides, 
i. 342, 345, 
-u39 
per-oxide of, i 

338 
carbon and its 
compounds, i. 
343 

sulphur and its 
compounds, 
i. 344 
tin, ii 100 
phosphorous, 

iill 
action of io- 
dine on, ii 
26 
its action on gold, ii 47 

copper, ii 82 
Chlwine gas, i 128 

how formed, i 128 
its properties, i 129 
its weight, i 129 
absorbable by water, i 

130 
will combine with vari- 
ous other bodies, i 130 
Ch^oriodates, ii 26 
Chloriedic acid, ii 26 
Chlorophane, i 110 
Chloruret of iodine, ii 27 
CMorurea or Chhrurets, i 346 ; ii 47 

table of the 
composition 
of several, ii 
47 
Chrome, ii 132 

analysis of ores of, ii 353 
Chromic acid, ii 132 
Chyaztc acid, femireted, ii 254 

sulphureted, ii 255 
Chyle^ ii 276 

Cimvabar, ii 70 

mode of ascertaining its 
^. Piunty, ii 376 

Curate9^ alkaline, ii 158 
earthy, ii 158 
^'^' J^e^allic, ii 159 
Cttnc acul, process for obtaining, ii 
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Citric acid, properties of, ii 156, _ . . 

combinations of, ii 158, 159 
Clysaus of nitre, i 320 
Coke, ii 199 

Coal, quantity of, required for th» 
evaporation of water, i 100 
varieties of, ii 199 
analysis of, ii 347 
• Coal-mines, fire damp of, i 258 
Coating for retorts, i 33 
Cobalt, method of obtaining, ii 124 
properties of, ii 125 
oxides of, ii 125, 126 
solutions of, ii 126 
alloys of, ii 127 
analysis of ores of, ii 351 
Cocculua indicus, peculiar principle 

of, ii 203 
Cochineal, ii 185, 186 
Coffee, ii 192 
Cohesive affinity, i 37 

methods of over- 
coming, i 38, 73 
Cold, artificial methods of producing, 

i 93, 94 ; ii 412, 414 
Coldshort, ii 91 

Collar joint for uniting long or crook- 
ed tubes, i 367 
Colouring matter, ii 182 
Colours changed by chemical action, i 
46 
of metals changed by combi- 
nation of them, ii 50 
vegetable, destroyed by chlo- 
rine gas, i 129 
destroyed by charcoal, i 231 
substantive and adjective, ii 
183 
Columbium, ii 138 

the same as tantalium, ii 

139 
analysis of ores of, ii 353 
Combination alters the properties of 

bodies, i 44, 71 
Combustible bases, compounds of oxy- 
gen with, i 225 
Combustion in oxygen gas, i 125 

consumes oxygen, i 126 
increases the weight of boi> 

dies, i 127 
acids are supporters of, i 

225, 227 ; ii 34 
spontaneous, u 92, 172 
Compounds, their chemical action the 
result of the affinities 
of their narts, i 60 
Conductors of caloric, i 88, 89 
Congelation, artificial, i 93, 94 ; ii 412 
Cooling, rate of, varied by differej?* 
I circumstances, i 95, 27 



» 

f. 



ippr, method gf purifying, ii 
pmnerties of, ii 7T 

oxide9or,ii4i. rr 

Bulphstea of, ii TH 
aub-BulpiiBle of, M 
sulphite of, iiro 
sub. carbonate of, ii 79 
luHale of, ii 80 
bydro-ssiile of, ii 80 
Bub-nitrnle oti ii 81 
per-muriate of, ii 81 
TiiirUte o& ii 81 
n of chlorine on, ii 
ite of, ii as, 323, 226, 
7 
Wphuret o^ ii 83 
Mliisphuret of, ii 3.1 
mbi nation of ammonia with, 
u8:i 

ijs of, ii 83 
-pmssiale of, ii 82 
Bwcnjte of, ii 123 
analysis of ores oi, ii 3*9 
mode of detecting, ii 364 
Cark and its acid, ii 195, 196 
CorPflMMT sublimate, ii 69 

mode of diaco- 
vering, ii 362, 
364 
method of ascer- 
taining' its pu- 

CMan-milh, probable cause of firea 

tin, u ira 



of tartar, ii 166 

mode of ascertaining 
its purity, ii 372 
It metallonim, ii 116 
i29 



SrniphBTTia, i 104 
Brmlallizaiion, i 39, 69 

water of, i 29, 3S 
Drgit^, structure of, i 39, 43 

*- in*m,iil04 

nj fiirnaee, i 23, 



Eupraaea, ii 82 
ew^'u37S 
- iticle, ii 300 



linlim. Sir. his new ayatein of chdi 
cal elements, i 47 

Decampaailion, eflected by galvs 
i 166, 170 
simpJe, i 54 
Di-crepilatien, i 328 
DsSgiuacence, i J9, 228, 243 
Deai-idinnff power of light, i 108 3 
Detonaang powders, i j2I, 3S7, 3r 

ii 53, 64, 68, 80 
DeutBchtoralt! of merouiy, ii 70 
Ceutoarida, ii 40 
IHamotui, pure carbon, i 239 

^'ombiisiion of the, 1 333| 
Sifierential thermometer, i 1 
Digcitian, secretions subservient tq 

266 
DilalaliaH. See Expansion. 
lhppel'ioil,n296 
ZHsiillaHiin, leaden wonns 

for, ii 364 
Ouclile metals, ii 31 
Dtilch gold, ii 83 
DyoKff. art of, i ixi J ii. 182 

colouring matter of blood i; 
be employed in, " 



(«, i 304 ; ii 330, 331 
ctassiiiGationof, iS05 
compounds of metallic hos^ 

with oxygen, i :^05 
dissolved by carfionic acid) 

eiaoiination of, ii 33s 
means of separating, ii 34G 
fiar-mrta', ii 343 
E^aretcmce, i 39, 58, 243 

its influence oaehemical 
affinity, i 58 
Egg-ahetl), ii 298 
Egg, white of. See AUiumei 
Elnin, a 246, 347 
Elastic gutn. Bee Caautckmi 
Elastialy, its effect on chemical alB' 
nity. i 58, 60, 67 
increased by caloric, ■ 73 
of metals, ii'31 
Elecampane, peculiar substance 



cal I 

" 1 



\E1« 



uaoi 



affinity, i 54, 65, 71, 72 
■ectncit!/, chemical agencies o; 
157, 164 

theory of, i 157,171 
'.Kciric spark, colour of, i 135 
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INDE^S. 



Elenvmts, chemical, defined, i 45 
new system, of, i 47 

Emetin, ii 204 

Ermtlsiona, ii 170 

E7iamelli7iff furnace, 1 28, 

Epidei^is, ii oOO 

Epaoni salt. See Magnesia, sulphate of. 

EquivalentSy chemical table of, ii 420 

mode of as- 
certaining 
ii 421, 423 

Essential oils, ii 172 



Fat of animals, oxygenated, ii 245 

Feathers, ii 301 

Fecula, vegetable. See Starch. 

Fermentation, vinous, ii 205 

Ferrane, ii 47, 88 

FeiTanea, ii 47 

Ferro-pnissiate of iron, ii 88 

potash, ii ID 

its use as ai 
test, ii 317 

copper, ii 89 
Ferro-pi'vssic acid, ii 255 



Efher, solution of phosphorus in, ii 16 ; Femtreted chvazic acid, ii 255 



gold in, ii 54 
platinum in, ii 58 
methods of preparing, ii 214, 

215 
properties of, ii 217, 219 
purification of,vii 217 
analysis of, ii 219, 221 
mode of ascertaining its purity, 

uS7S 
acetic, ii 216 
chloi-ic, i ii 2 . 6 
ftuovic, ii 216 
muriatit, ii 215 
nitric, ii 215 
phosphoric, ii 216 
pyro acetic, ii 224, 227 
sulphuric, ii 214 
Etiuops mineral, ii 70 

mode of ascertaining 
its purity, ii 376 
per se, ii 66 
Euchlorine, i 3.i7 

action of iodine on, ii 27 
Eudiometer, DerthoUet's, i 134 
Dalton's, i 307, 308, 
Guyton's, i 135 
Hope's, i 136, 312, 
Pepys', i 136 
Seguin's, i 134 
Vo|i:as,il40, 
with nitrous gas, i 307, 
solution of nitrous gas 

and iron, i 311 
sulphuret potash, i 
1.5 



Fibre, woody, ii 181 
Fibrin, ii 237 

ofthe blood, ii 260 
Filters, cautions in using, ii 308 
Finery cinder, ii 84 
Fire produced by compressing air, I 

118 
Fire-damp of coal mines, i 258 
Fire-ioorks without smell or smoke, i 
138 
nitrate of soda recommend- 
ed for, i 324 
Fish, scales of, ii 300 
Fixed oils, ii 170 
Flesh of animals, 237 299 
FHnts, i 214 

liquor of, i 215 
FUnoers of sulphur, i 262 
Filiate of ammonia, ii 313 . ^ 
Fliddity, caused by caloric, i 92 
Fluids of the various cavities of the 

body, ii 280 
Fluoboric acid, ii 21 
Fluoric acid, mode of obtaining, ii 19 
subsilicated, ii 19 
hydro-fluoric, or liquid, 

ii 20 
nature of, ii 20 
compounds of, ii 21 
compound of the boracic 

with, ii 21 
gas, mode of obtaining, Li 
19 
never pure, ii 19 
decomposed by potas- 
sium, ii 12 
ether, ii 216 



Evaporatintf fum&ce. i 28, 

^ vessels, i 29, 30; ii 325 
EvaporatKm occasioned by caloric, i I Fluorine, ii 21 

32 I Flux, black, ii 120, 354 

ExfMnsion, 1 75, 79 | white, ii 354 



Extract, vegetable, ii 144 
Eye, humours of the, 280 

F. 

Farina. See Starch, 
Fat of animals, ii 245 



Fluxes, ii 39, 354 

Formic acid, ii 256 

Fossils (inflammable), analysis of, ii 

347 
Freezing points of liquids, ii 405 

mixtures, ii 412, 414 

apparatus, i 367 




Falminaling gold, ii 53 

mei-cury, U 63 
platiiiuin. ii59 
Ijowdcr, i 321 
silver, ii 64 

FuMitj- liquor, Boyle's i 



293 



100 



Fuagin, ii 302 

Fumacia, chemicul, i 28 

Aifcin'sportnljle blast,; 368 
Knight's portable, 128, 369 
wind, i 28, 373 
reverbcratorj- i 372 
Clip elli ng or e nameUing i 23 
portable, i 28 
Black's portable, i 29 
Chenevix's n-ind, i 373 
gcnerul remarkaon,! 3^3 

Ftoion, 1 76, 93 

watery, i 39 



GaUma, ii 108 
Cfliteffofiron, ii 90, 160 
QatEc acid, metliodti of obtaining, ii 
159 
charactera of, ii 160 
. GfioA, tincture of, as n test, ii 310 

used s$ a test in substance, ii 



*JGall^i 



311 



ii372 



valuable pigment, ii 272 
CdftJoBfc arrangements, construction 
of i 153 
battety, i 159 
circle, i 159, 160 
pile, i 157, ISO 

tbeory of tile action of 

1173 
apparatus, i 158 
I, il57 
excitement of i 157 
eHects of, 1161,164 
ita similarity to electricity, 

1163 
chemical agencies of, i 164 
theory of the changes pro- 
duced by i 171 

eHeet of caloric on, i 73 
expansion of by heat, i 79 
manner in which they conduct 

heat, i B9 
«pparatusfoT '■vncrirncnts 



\ chemically combined 
159 

give out their latent heat by 
comprGBsion, i 118, 141, 142 

their Wlit inrctKely us the 
pressure ontliem, i 119 

table of the snecific gravity of, 
i 120 

specific heat uT, \ 190 

capable of being abHOrbed by 
solid bodies, possessing po- 
rosity, i 121 

are absorbed bj- liquids, i 122 

cnlrmr of tlie electric spark 
tmnsmitted through diiTe- 
lant, i 123 

become thoroughly miied un- 
der all circumstances, i 144 

quantities of, absucbed by wa- 
ter, i 1S2 

absorption of, by chsrcoal, i 
230 

general law of their union, i 



appnnitua for procuring, i 
receivers for, i3GS, 374 
Gat-Mder, i 113 



arsenurutcd hydrogen, ii 133 

bi-phosphoreted hydrogen, ii 1' 
carbonic acid, i 235 
carbonoiis aside, i 253 
carbureted hvdrOgcn, 1 " 
chlorine, i 128 
cuchloric, i 337 
fluoboricacid, ii_21 
hydrioite acid, ii 24 
hydro-carbureted, i 357 | 
hydro-phosphnvic, ii^" ' 
hydrogen, i 137 
hydro-zincic, ii 109 
muriatic add, i 331 
nitric acid, i 302 
nitric oidde,i 306 
nitrogen, i 130 
nitrous, i 306 
lutrousacid, i3]6 
nitrous oxide i 313 
oteRant, i 255 
oxygen, ii 104 
oxymuriatic acid. Sec Chlm 
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Gas, phosphureted hydrogen, ii 14 
potassureted hydrogen, i 190 
pnissic acid, ii 252 
silicated fluoric, ii 19 
sulphureted hydrogen, i 289 
sulphurous acid, i 270 
tellureted hydrogen, ii 118 
new one, discovered by Dr. 
Th jmson, ii 436 
Gasest specific heats of several, ii 415 
Gastric jwice, ii 268 
Gazometer, i 113 

mercurial, i 114 
Gelatine, method of obtaining, ii 229 
properties of, ii 229, 230 
tfests of, ii 230 
decomposition of, ii 231 
Gems, preparation of sulphur for tak- 
ing impressions from, i 262 
Gilding of steel, ii 54 
Glass, how made, i 215 

decomposed by hydro-fluoric 

acid, ii 20 
tinged blue by zaffre, ii 127 
expansion of, by heat, ii 411 
of antimony, ii 116 

mode of ascertsdn- 
ingits purity, ii 
373 
Glaubev^s Salt. See Sulphate of Soda. 
GlucinCy attempt to decompose, i 206 
method of obtaining i1^ i 219 
its properties, i 220 
carbonate of, i 252 
sulphate of, i 283 
nitrate of, i 327 
muriate of, i 354 ^ 

Ghtcinum, i 220 
Ghie, ii 229 
Gluten, animal, ii 237 

vegetable, ii 179 
Gold, malleability of, ii 31 
ductility of, ii 31 
physical qualities of, ii 51 
chemical qualities of, ii 52 
oxides of, ii 41, 52 
fulminating, compound of, ii 53 
precipitates of, ii 54, 55 
solution of, in ether, ii 55 
solvents of, ii 52 
sulphuret of, ii 55 
phosphuret of, ii 55 
purincation of, 55 
alloys of, ii 55, 
fineness of, ii 55 
its colour destroyed by palladi- 
um or platinum, ii 74 
imitations of, ii 83 
its ductility destroyed by being 
kept i n fusion near melted bis- 
muth, ii 113 



Gold, analysis of ores of, ii 349 
Golden sulphur of antimony, ii 116 
Goidard*s extract, use of, as a test, ii 

206, 230, 232 
Gravel, urinary, ii 247 
Gravitation, i 36 
Gravity, specific, of gtises, i 120 

of sohds and fluids, 

ii 399, 401 
rules for calculating 
absolute weight 
from, ii 401 
of mixtures of alco- 
hol and water, ii 
208 
of mbttures of sul- 
phuric acid and 
water, i 266 
of mixtures of ammo- 
nia and water, 198 
Gre&7i, Scheele's, ii 122 
Guaiacufn, ii 174 
Gum, ii 146 

British, ii 178 
elastic, ii 180 
Gum-resins, ii 174 
Gun-metal, ii 83 

Gunpowder, sulphur may be burned 
out of, without inflam- 
ing it, i 263, 264 ' 
composition of, i 321 
peculiar kind of, i 358 
preparation of charcoal, 
for, ii 182 
Gypsum, i 279 



H. 



Hahnemann's wine test, ii 365 

Hair, method of staining it black, ii 63 

analysis of, ii 301 
Hai^otogaie water, i 289 ; ii 325 
Hartshorn, spirit of, mode of ascertain- 
ing its purity, ii 371 
Heat. See Caloric. 
Hepars, i 287 

Hiccory, wild American, ii 185 
Hombergh pyrophorus, i 282 

inflamed by 
nitrous gas,^ 
i307 I 

}>hosphorus, i 353 j 

sedative suit. See JBoracmc 
Acid, 
Honey, ii 151 

stone, ii 199 
Hoofs, ii 300 
Hordein, ii 176 

Horn, ii 298 ; 

Horn-lead, ii 106 ; 



\ 



^^^Er 9ttn^ «Mi ■ 


^M Aorn-uhrer, u GI 


fli/rfrog-ni gas, phosphuFeted, ii 13 


^H Bnae-leek. malic add obtained i'roin 




^B ■ 161 


potsssureted, i 190 


^m J^nunrxjrtheeycuSSO 




^H %.Aiif<^ what, ! 17*-. ii 42 


union of alkalies 


^H ofaliimm^.iSrl 


and earths with. 


^1 cot)Blt,iil36 


i29I '■ 


^^H copper, i1 80 
^H iron, il 85. 86 


su^er-sulphuraed, i. 


■ ' lead, ii 1<)4 


tellureted, ii 118 


^^^ Umc, i ?t2 




^K^^ magnesia, i 213 


of, with oiides, U 45 


^^^B^ nickel, 97- 


witli metals, ii 46 


^^^^^^P i 179 


liquid. See 


^^^^B iKtdH, i 179 


Sulfhur^t „f 


^^HB 136 




^■H^i^ilEiM', ii 24 


nsdrogvmed sulphur, i 294 


^m Adnalic acid, ii 24 


sulphiirels, methods of 
forming, 1294, 295; u 




^^^A^AlorciSie 


46 


^mAdr,^hrme,,{346 


properties of, i 295 


^M Mgdnt-cyimalei, ii 253 


ofmetals,ii46 


^^J^ro-,:Sihde acid, ii 353 


Hydrokjac acid, ii 24 




^MSj/di-Bgcn, probably metallic, i 138, 


duccd to the common standard, ii ■ 


H 


402 J^H 


^K compounds of metals with. 


Mydra^lric acid, i 303, 305 ^^^H 


^V ii A lis, 133 


Rydrmidea, ii 42 ^^^| 




Sl^ro-ojHde of cobalt, ii 126 ^^H 


^H method of procuring, i 


copper, 1180 ^^ 

iron, ii 85 1 

Bsd^.phi,fhonc gas, ii 14 1 


^^L its properticii, i 13B, 139 


^V burned luider a tube 




^H produces u musical 


aUudine, IcEta of 1 


^H sound, i 143 


lead, u 107 1 


^H caution with respect to 


blackenHasi, I 


^1 firing', i U2, note 


iilOS I 


^H^ eiplodes by comprts- 




^^^^B sion with oxygen, 


321 ^ -^^M 


^^^E 143 


b!U'ytes,i»3 %^^H 
lune, i 393 Mi S^^^^H 


^^^^^ 


^^^^^K with oxygen, forms wa- 


magrne^a, 1 292a^^^M 


^^^^V I4S 


potash,! 392 ^^^H 


^^^^^H ' quantity of, absorbed 


■oda, i 393 ^^H 


^^^^^H by 


atrontites, i 293 , ^^^^1 


^^^^H an acidifying principle, 
^^^^K ia34;ii3^, 24 


'^^H 


.%(/»>->uMAurei^<f oxides, ii 45 ^^H 




Bsd>-^hiom<:a>M.i2^a ^^^H 


^^^■* 330, 344 




^^^^^^B forms an acid gas with 


oflimc,i213 J^^H 


^^^^H iodine, ii 33 




^^^^m oiide of, ii 28 




^^^^^■1 combines with some 




^^^^Hf meials, ii 43 




^^^^^^K solution of zinc in,ii 109 




^^^^K arscnuretEd, ii 133 


By/r^metric water, i 154 ^^^H 


^^^^"^ carbureted, i 354 




V bi^arhtireted, i 357 


Hy^..ph«^t... ii 10 J^^H 


^H per-cai'bureted, i 3S7 


Bapo-^ilphor^ acid, i 273, 285, 3^^^H 


■■■■■■ilifl 
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Ice, quantity of caloric absorbed in 
the liquefaction of, i 92, 93 
lighter than water, i 156 
InAgo, ii 183, 193 
Indigogene^ ii 184 

Inflammable fossils, analysis of, ii 347 
Ink, ii 90, 185 

that is not easily destructible, ii 
91 
Inks, sympathetic, ii 81, 90, 107, 112, 

126 
InsolnbilUy, i S7 
louHn, ii 201 
lodateg, ii 26, 27 
Iodic acid, ii 26, 27 
Iodides, ii25, i8 
Iodine, discovery of, ii 22 
properties of, ii 23 
action of various gases on, ii 23 
forms an acid gas with hydro- 
gen, u 23 
sulphuret of, ii 25 
phosphuret of, ii 25 
action of alkalies on, ii 25, 26 
forms an acid with oxygen, ii 

26 
combines with nitrogen, ii 26 

metals, ii 47 
forms an acid with chlorine, ii 

action of euchlorine on, ii 27 
nature of, ii 28 
source of, ii 28 
starch, a: delicate test of, ii 29 
lodures, or lodureta, ii 25, 28, 47 

of starch, ii 179 
Ipecacuanha, emetic principle of, ii 

204 ^ 
Iridium, ii 74 

oxides of, ii 41 
analysis of ores of, ii 354 
Iron, solutions of, precipitated by ex- 
posui'e to air, ii 38 
» properties of, ii 114 

oxides of, ii 41, 83, 85 
hydrates of, ii 85, 86 
sulphate of, ii 86, 87 

its use as a test, ii 

314 
mode of ascertwn- 
ing its purity, ii 
373 
oxy-sulphate of, ii 87 
sub-sulphate of, ii 86 
sulphite of, ii 87 
nitrate of, ii 87 
muriate of, ii 87, 88 
compound of chlorine vnih, ii 88 



iron, ferro-pnissiate of, ii 88 

gallate of, ii 90 

tannate of, ii 90, 118 

cold short, ii 91 

phosphate of, ii 91 ,^ 

oxy-phosphate of, ii 92 

succinate of, ii 92, 175 

acetate of, ii 92 

carbonate of, ii 92 

combination of sulphur with, ii 
92 

sulphuret of, i 365 ; ii 92 

supersulphuret of, ii 93 

combination of carbon with, ii 93 

cast, or crude, ii 94 

malleable, or bar, ii 94 

why wood-charcoal preferable 
in the manufacturing of, ii 94 

alloys of, ii 95 

tinning of, ii 95, 102 

welding of, ii 57 (note §) 

its use as a test, ii 314, 315 

tests of, ii 92, 322 

analysis of ores of,ii 350 
Iron-moulds, ii 90, 91 
Isinglass, ii 229 
Ittria. See Yttria. 
Ivory, method of covering with silver* 
ii63 



J. 

Jelly, animal. See Gelatine. 

vegetable, ii 148 
Joints, fluid in the cavities of the, i 
282 

K. 

Kermes mineral, ii 116 
Kinic acid, ii 170 
Koumiss, ii 276 

Laboratory, i 27 

Lac, contains wax, ii 190 

Laccic acid, ii 168 

Lactic acid, ii 249, 276 

Lakes, how obtained, ii 185 

Lamp for chemical purposes, i 30 

Lamp black, ii 296 

Lard, ii 245 

Latent heat, i 77, 92 

Lead, method of purifying, ii 102 

properties of ii 102 

oxides of, ii 41, 103 

hydrate of, ii 104 

purification of g^ld and silver 
by, ii 104 

mode of procuring oxygen from 
oxides of, ii 104 



\ 



■iHm 


j^^^B 


»^n<Koi's'"^ """'"■'■■ 


Lime, hydriisuIpbuKt of, tests of, ^^^^H 


^B not soluble ID sulphuric iciil, 

■ 101 

H ..„lpNateof,ii, 103 




mtn.t«^of,i326 ^^^^M 


^K „itrKle of i\ 105 


muriate of, i 353 ^^^^H 


^■^^^ ■ itsuaeasalesl.ii J16 


asatest,tin23^^^H 


^^^^HBnte of, li 106 


oiymuriate (e1iloride)of,ii4^^^H 


^^^■fe-nlti'ite Df, 106 


clilorate or hyper-oxyuiurifl^^^^H 


^^^■bkle of. ii 1U6, m 


of, 1360 ~^^^H 


^^^^■pnae ot; ii 1IJ6 


usefiil in bleaching, i S^^^^M 


^^^^^Koiiiitc ot; ii 107 


p hoBphate of, ii 7, B ^^^^H 






^^^^^^ ing 11 


tungstatc of, ii 135 ^^^^H 


^^^^B 377 


oxalate of, U 154 ^^^^H 


^^^^KtRte of, ij 107, 326 


citrate 159 ^^^^H 


^^^^K use as a tejit ii 


acetate of, ii 235 J^^^^^H 


^^^^^ 316 


prussiate of, as a test, li 3l/^^^^^H 


^^^H mode of aaccmln- 


tcst5ot;iil54,333 ^^^^H 


^^^r ing lis punly. 


mode of determining the pl^^^^^H 


^^ 377 


rity of, 365 ■ ^^^H 


remedy against, ii 


.tone, i 350 ^^^M 


365 


uafer, 1313 ^^^^M 


suli-accuitc of, ii 107, 336 


use of. aa a test, S 3U ^^^H 


its use aa a test. 


a^i-Jiiclio,^ i 77, 92 ^^B 


206, 230, 234 


laquida, e:tpansion of, by heat, i 79 


^35 


manner in which they con- 


tens of, iii;j7, 364, 366 


ductheat,iB9 


phosphate of, ii 6, lOS 


give out heat on becoming 


BUlphuret of, ii lOtf 
hydro-sulphuret of ii 22J 


solid, i 95 


abwrb gases ■ 132 


sacchiirste of ii 150 


freezing points of, ii 405 


analysis of oi'EB of, u 350 


boiling points of, ii 406 
table of the einansion of. 


method of delecting, ii 364 


in wine, ii 


by heat, ii 410 


365 


specific heat of several, ii 


soluble in water, ii 364 


415 


taa/--ji.l<(,ii31 


tube for dropping, i 364 


t^mu, acid of, ii 156 6ec Citric Jcid. 


bottle for aacertiuntng spe- 
cific gravity of. i 3& 


UbatAu, iamiag liquor of, ii 100 


14%, supported by oiygen gai, 1 128 


i4>uarofsurfBceB,ii280 


l^S 


Lahia, or Idthina, discovery of, i 19S 




itspropertiesil94 


Xfefechemicid effects of, UOr. 331 


acetate of, i 195 


reflection of, bv melolf!, ii 30 


carbonate of, i 195 


Ligniv, ii 181 

JCAk^ malyais of. i 210 


muriate of, i 195 


nitrate of, i 195 


properties of, i an 
hyifrate of. i 212 


sulphate of. 1 195 


tartrate of,' i 195 


milk Of cream of. i SH 


UilUc acid, ii 247 


base of. i 212 


IMIdm, ii 194 


carbonate of, i 249 


Lilmui, icfusionof, ii 308 


tests of, ii oiJ 


its use as a test, ii 


does not attract carbonic acid 


309 


gaswhendry.i 349 


reddened by vine- 


gar, Xs a test, ii 


sulphate of, i 278 


310 


tests of, ii 333 


Liver of antimonv. ii llfi ^^^^fl 


sulphite of, i 286 


sulphur; i 3g7 '^^^H 


sulphuretof,iaS7 


t^va camea. <Jl ^^^^^M 




\ _^^^l 
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Lunar caiiatic, ii 63, 376 
Lutes, i 32 
Lymph, ii 282 

M. 

Judder, ii 185 

lake from, ii 185 
Magiata^ oihism\iihi\\ 113 
MagneaiOy analysis of, i 213 

Sroperties of, i 213 
ydrate of, i 213 
base of, i 213 
carbonate ofj i 251 

mode of as- 
certaining its 
purity, ii 378 
sulphate of, i 279 

mode of ascer- 
taining its puri- 
ty, ii 372 
sulphite «f, i 286 
nitrate of, i 326 
muriate of, i 353 
oxalate of, ii 154 
citrate of, ii 158 
acetate of, ii 226 
tests of salts of, ii 323 
mode of ascertaining its pu- 
rity, ii 378 
JUa^esium, i 213 

Malie acid, methods of obtaining, ii 
161 
propeilies of, ii 161 
the same with the sorbic 
acid, ii 435 
JifalleabiUty, ii 31 
Maltha, ii 198 
Malting, converts starch into sugar, ii 

176 
Manganesane, ii 47, 130 
JWflw^a7ie5tf,method of obtaining, ii 127 
properties of, ii 127 
oxides of, ii 42, 127 
^ctiion of acids on, ii 129 

130 
gives a violent tinge to 
borate of soda, u 130 
compound of its oxide 
with potash gives dif- 
ferent colours with 
water, ii 131 
sulphuret of, ii 131 
sulphureted oxide of, ii 

132 
alloys of, ii 132 
acetate of, ii 226 
■ analvsis of ores of, ii 352 
^ode of ascertaining 
'\ the purity of, ii 384 
sdjvent of, ii 384 



Maima, ii 151 

Manufactures, application of chemis- 
try to, ii 379 
Marble, i 250 
Jlfar^arf/fc-acid, ii 246 
Maris, analysis of, ii 387 
Massy meaning of, as used by Berthol- 
let, i 56 
its influence on chemical afE- 
nity, i 56, 173 
Massicot, ii 103 ♦ 

Matches for procuring instantaneous 
light, i 357 note 
phosphoric, ii 16 
Matrass, i 34 

Measures, English reduced to French, 
ii394 
Swedish, ii 390 
old French, ii 391 
modem French, ii 396 
ounce, of Dr. Priestley, re- 
duced to French and Eng- 
lish cubic inches, ii 397 
Mechanical division, influence of, on 
affinity or solution, i 69 
pressure, influence of, on 
chemical affinity, i 59 
Medicine, application of chemistry to, 

i xix 
Melasses, ii 149 
MelliUte, ii 199 
MelUtic acid, ii 200 
MeUmg points of solids, ii 405 
Membranes, ii 300 
Mei^curial trough, i 114 
Mercury, congelation of, i 94 ; ii 66 
combination of, with potas- 
sium, i 188 
combination of, with sodi- 
um, i 193 
combination of, with am- 
monium, i 202, 203 
combination of, with am- 
monium, the bases of the 
earths, i 205 
its specific gravity increas- 
ed by congelation, ii 66 
volatihzation of, ii 66 
oxides of, ii 41, 66, 67 

methods of ascer- 
taining their pu» 
rity, ir374, :^75, 
376 
, sulphate and supersulphate 

of, ii 67 
nitrate of, ii 68 

its use as a test| 
ii3l6 
subnitrate of, ii 68 
nitroxide of, ii 68 
per-nitrate of, ii 68 



\ 



\ 




stibmuriate o^ ii 69 

method of 



nty,il374 
utioD of chlorine on, ii 
69, 70 
alloys of, ii 70 
milphurets of, Ii 70 
-, UK of, as a teat, ii 317 
■ analysis of ores of, ii 351 
method of ascertaining' its 

purity, ii 37S 
spparatua for freezing, i 
367 
atturgy, application of chemistiy 

ill, their comparative power of 
cOHducting' heat, i 89 
fused ami ignited by electrici- 
ty and ralvanisin, i 164 
enumeration of ii 29 
peneraJ properties of, ii 29 

ortler in which Ihey reflect 
lipht and heat, ii 30 

comparative tenacity of, ii 31 

chemical propeiiJes of, ii 31 

oxidation of, ii 33, 34 

method of calculating the oiy- 
gen acquired by, ii 35 

proportion of oiy^en neces- 
sary for the solution of, ii 36 

lUfferent staffea of oxidation 
of, ii36 

action of alkaline solutiona on, 
ii38 

reduction of, ii 39 

table of the praportiona of 
oxygen wiin which they 



ii41 



impDuiids of hydrogen wit 
ii4^ 
sulphur with, 
43,44 



chlorine with, i 
342, 345, ii 47 
iodine with, ii 
47 

with, ii 48 
mponads of carbon nith, ii 




Jffctah, alloys o^ ii 4S 

their qualities ttltered in ■!• 

leys, ii 49 
classtlication of, ii 50 
malleable, il 51 
brittle and easily fused, ii 51 

difficultly fuied, 31. 
refractory, il 51 
use of, as teats, ii 314 
tenacity of several, ii 31 
analywa of ores of, ii 349, 353 
colours of precipitates from, 
il4-i7, 429 
Meteoric stones, all contain iron al- 
loyed with nickel, ii 98 
Jmik; deacription and properties o^ 
ii273 
vinous fermentation of, ii 27S 
sugar oi; ii 276 
acid of, ii 276 
different kinds of, ii 377 
Mindtrenii't spirit, ii 225 
MineraU, general (Erections for the 

examination of, ii330, 332 
Mmeral Ma, u 198 

pitch, ii 198 

waters, analysis of, ii 305 

cxamlnaUon of by 

re-agents, ii 306 
mbnancea lljat miy 
be expected in, 
and means of de- 
tecting them, ii 
332 
anal) sis of, by eva- 
poration, ii 334 
Dr. Murray's formu- 
la for the analyus 
of. ii 327, 330 
yellow, ii 10S 
Jtf!n>'um, u 103 
Malecule, integrant, i 43 
Molyhdate of potash, ii 134 
Malnbdenum, ore of, ii 133 

mode of obtaining, ii 133 
properties of, ii 133 
oxides of, ii 133 
action of acids on, li 134 
aaalysia of ores of, ii '53 
JHo/pftrfi'r acid, mode of obt:uning, il 
, 133 

properties of, ii 134 
Melt/bdeiu acid, ii 134 
Manlaunl, whail, ii 183 
JlforvxyHc acid, ii 167 
Maflda or JHorphijie, ii 193 

how procured, 
iil94 



Mtlhse of pearl, il 2y» 




Jitoiors of electricity, i ir4 
Mucilage, a 147 

Muco-extrcKthie matter, ii 233, 259 
Mucmii acid, ii 349 
jmcta, a S33, 235 

testa of. u 336, 237 

of the nose, n 379 
MnJUa. ) 29 
Mnlierrs calculi, ii 393 
Muriate of atumine, i 354 

Mnmonii:, i 349 i ii 372 



hyperoxygpeni 



bigmuthjii 113 
copper, ii 81 
ghicine, i 394 

gold, ii 52 
iridium, ii 75 

Utd, ii 106, 351 
lime, I 351 i ii 321, 332 
hyperoiygenized, 
360 
lithina, i 193 
magTiesia, i 354 
mercury/ ii 69, 317, 362, 

374 
platiniun, ii 58 
poUsb, i 347 

byperozj^nized, 
i3S5 
rhodium, ii 72 
silver.ii 61,349 
soda, i 347; u 242, 371 
hyperoiyrenized, i 
358 
aCrontites, i 352 

hyperoxyreni. 
ze<i,i360 
tin, ii 100 
yttria, i 354 
zinc, ii 110 
zircon, i 354 
Miaialf, tests of, u 323 

hyperoiyffenlzed (or chlo- 
rates), r355, 360 
Muriatic acid, i 329, 331 

afEnities of, i 55 
process for preparing, 

i334 
its properties, i 336 
table of strength of, i 

336 
test* of, ii 323 
mode of ascertltining 
the jinlity of, ii 367 
osygemsed. See Chit- 



Muriatic acid gas, mode of oblainin^, 

propertiei of, i 

its attraction fbr 

water, i 332 
ac^on of potSBuum 

on, i 332 
water seemingly 
essential to,i333 
ether, ii 215 

table of the quantity 
of real or dry mu- 
riatic acid iD 100 
parts of the liquid 

specific gravities, 

11426 
Murio-ttilphuric acid, I 361 
Muicle, basis of, ii 299 

converted into fat, ii 244 
component piu-Ls of, ii 299 
Miiacavado sugar, ii 149 
Mushroimia, peciiliai' substance ex- 
tracted from, ii 202 
Muacal sounds from bwning hydro- 
gen gas nnder a tube, i 142 
Mi/ricii terifera, berrio of, contain 

wax- u 19d 
MyrtlMiax, ii 191 

N. 
JVoih, ii 300 
Jfapiaha, a 197 
JVarcetic, principle, ii 193 
AVUtiro^histoiy, assisted by the know, 
ledge of chetniaUy, i xii 
philo<6phy, i x 

distinguished from 

cbemistty i x 
reqmres a know- 
ledge of chenua- 
dy.ixi 
T^euifal ealU, 1226 
JVeutraldiatiim, i 44, 64, 70, 336 
JVickel, mefhad of purifying, ii 95 
properties of, ii 96 
alloyed with iron in all mete- 
oric atones, ii 97 
acetate of, u 237 
analysis of ores of, ii 352 
JVicotin, ii 303 
JViirale, of ahiminc, i 324 
ammonia, i 334 
antimony, ii 116 
barytea,i33S,ii317 
bismuth, ii 113 
cobalt, ii 126 ■ 
copper, i 70 1 ii 80 
ghicme, I 327 
iraD,u87 



^ttv»eofl«>idul05,31S 
lime, i 336 
lithiiM, i 195 
mignma, i 336 
roeroury, ii 6S, 316 
potash, 1319 1 u371 
■ilrcr, ii 61, 63, 315, 359, 



376 



1323 



110 
i337 

Sf/Ure ! See pBlaalt nitrate of 

■JinirieU.ii,i3m 

conipoaitionoflSOS 
Bnalyais of, 1 304 
properties of i 305 
table nf strength of 1303 
decBfnposilion of 1 304 
pmcesB for preparing, 1 321 
purification of i 3S2 
in ilR pure "*-"" '''-- 
32 



e elastic, ii 



a test, ii 311 
|''teatof,.u322 
T mode of ascertaining the 



tlfe of the proportion of 
real or dry nitric acid in 
100 parts of the liquid 
acid at Bocccasive spe- 
cilic rrarities, ii 435 
ether ii 315 
oxide i 291 
MUriam, i 133 



'oflead, ii 105 
.WlftDfiim gas, 1 130 

how procured, i 131 
its propertien, i 131 
weight of, i 130, 131 
a compound of 03)'gen 
wi h an unknown 
base, i 133, 199, 200 
quantity of, a}>sorbed 

t>y water, i 152 
compound of oxygen 

■with, i 298 
combines with chlorine 

1343 
with iodine, ii 2r 
gaseous osJde of See JVi- 
Itvua Oride 

Fanlimonv, iillS 
cohalt, li 136 
gold, 1152 
tin, ii 101 
nnriatjc »c\d, i 360 



Al'fro sulphuric acid, ii 64, 65 
JV^tra-muriatea, no compounds proper- 
ly so called, i 360 
J\'ilnmi add, 1316 

composition of, 1 299 
table of strength of, i 316 
useof asatest, 11511 
mode of ascertaining 
the purity of, ii 36? 
vapour, i 300, 301 
gaa, composition of, i 399, 
301 
quanti^ of absori>ed by 

water, i 152 
propertle* of, i 306 
applied to eudlometiT, 

i30r,311,3l3 
decomposition of^ 1 311 
synthesis of, i 313 
oxide, composition of, i 399 
301 
quantity of absorbed 

by water, i 152 
mode of obtaining, i 



i31G 
Ai'Manrfe cpf mercury, ii68, 3T5 

.YitrumJIanimaju, i 324 
JVommclatJire, new, 1 224, 226, 328, 

if 39, 40 
of the compounds 

of chlorine and 

1345 
Aiie, mucus of the, 11 279 



Oi'^inflatnedon the surface of water, 



of wine, 11215 
Oila' animal, ii 244 

fixed, how obtained, 11 170 
properties of, 11 170, 171 
with alkalies form soap, ii 
171 
dissolve sulphur, ii 171 
rendered drying by me- 
tallic oiides, ii 171 
distillation of, u 171 
combustion of, 11 171 
action of acids on, ji 172 
spontaneous combustion 
of, li 172 
volatile, or essential, ii 172 

modeof detecting their 
adulteration, li 378 



H9DEX. 



Olefiant tOAf quantity of, absorbed by | 
water, i 152 
method of procuring, i 

^255 
properties of, i 255 
Ofetc acid, ii 246 
Onion, juice of, contuns much sugar, 

ii 151 
Opinntf constituent parts of, ii, 193, 

195 
Qrest analysis of, ii 348 

in the dry way, ii 
353 
Orgcmic and inorg^anic compounds, 

^stinction between, ii 142 
Orpimenty ii l22 
Oimazomef ii 304 
Odmum, ii75 - 

oxide of, ii 76 
analysis of ores of, ii 353 ^ 
Ounce measures reduced to*cubic in- 
ches, ii 397 
Oxalate of ammonia, ii 154 
barytes, ii 154 
lime, ii 154 
magfnesia, ii 154 
potash, iil53 
soda, ii 154 
strontites, ii 154 
Oxalates, use of, as tests, ii 312 
Oxalic acid mode of obtaining, u 151 
properties of, ii 152 
composition of, ii 1 52 
found native in vegeta- 
bles, i i 167 
use of, as a test, ii 312 
a poison, when taken 
internally, and how to 
be treated, ii 366 
Oxidation, i 128 ; u 32 

different stages of ii 32, 34 
Oxide, cystic, ii 294 
Oxides, how produced, i 128, ii 32, 33 
quantity of acid required for 
their saturation in propor- 
tion to their oxygen, ii 38 
their solubility proportionate 

to their ogygen, li 38 
decomposition of, 39 
all yield their oxygen to pot- 
assium, i 189 
different, ii 40 
terminology of, ii 40 
table of the composition of, ii 

41 
many soluble in water, ii 42 
sulphureted, ii 45 
hydrosulphureted, ii 46 
hydrogureted sulphurets of, 
ii46 



Oxtd^zemeni, ii 32» 33 
Oxidule, ii 40 

Oxygen, not the principle of acidi^ 
solely, i 12^ 224 
compounds of combustible 

bases with, i 225 
law respecting the union of 
bodies combined with, i 
226, 262, u 36 
prv portion necessary for the 
solution of different met- 
als, u 36, 38 
gas, i 124 

procured from various 
substances, i 124, ii 
104 
its properties, i 124 
weight of, i 120, 124 
diminished in combus- 
tion, i 126 
absorbed by bodies 
burned, i 126, 127 
its union produces an 
oxide, an acid, or aa 
alkali, i 128 
supports animal hfe, i 

128, 136 
apparently absorbed by 

the blood, i 128 
with hydrogen forms 

water, i 145 
quantity of absorbed by 

water, i 152 
combination of nitrogen 

with,i298» 301 
compounds of chlorine 

with, i 337 
mode of procuring from 
oxides of lead, ii 104 
new combinations of, 
with the known acids 
ii439 
Oxyiode of potassium, ii 26 
of other metals, ii 28 
of hydrogen, ii 28 
Oxyiodic acid, ii 28 
Oxyiodine^ ii 27 
Oxy-muriate of tin, ii 100 
lime, ii 438 
antimony, ii 117 
Oxymunatic acid. See Chlorine 
Oxy-mtric acid, ii 439 
Oxy-phoaphate of iron, ii 92 
Oxy-8ulphate of iron, ii 87 

P. 

Paint, fine reddish brown, ii 82 

fresh, injurious effects of, ii 
173 



'», method of cepying on glass, 
and tmnsTemjig to lea- 
ther or paper, ii 63 
Palladium, ii 72 

oxide of, ii 41, 73, 7^ 
' aulpliuret of. ii 73 

teat of, il 7i 
aDoys of, ii 74 
analjsia of ores at, ii 3J3 
Pancreatic itiice, ii 268 
Paper, preparation of, for tests, ii 309 
dark blue, round augw-loavts, 
a test, ii 310 
Papin^t digester, i 98 
Pearii, ii 398 
Pearlash, i 341 

method of ucerteininK the 
reiJ quantity of alkui in, 
i 241 1 ii 381 
PeortwAffe, ii 112 
Peat, ii 199 
P<^y'« blow-pipe, 135 
Per-cUoric ttid, i 340 
Per-diimide, ii 11 
PerJoitrmii add, i 318 
Per-phaifAvroui acid, u 10 
jPericortfiiun, Uquor of the, ii 281 
Penxidei, ii 40 
Pee^imtion, fluid of, ii 283 
Petroteton, ii 198 
Pevaer, ii 102 
PhlBgiitm, ii 3? 
Phiageia gag, ii 327 
Phu^hale of iron, ii 91 

soda.ii6,330 
lead, ii 6, 108 
anunonia, ii 6 
baiTtes, ii 6 
' acid, or bi-pbosphttte, ii 7 
iron, ii 91 

neutral, ii 3 

direr, ii 65 
PhaapJuaee, ii 6 
Phatphatic acid, ii 3 
Phatphitei, ii 9 

Pheaphori, solar, i 109, S77, 387 
Pluipkorie acid, ii 3 

method of prepaiing. 



test of, ii 322 
matches, ii 16 
ether, ii 316 
PhMphtrma add, ii 8 

properties of, ii 9 
Phaipharut, its character, ii t 



Phatphenu, analyuao^uS 

compounds of phospho* 
rua with alkalies, earths, 
and comfauatible bodies 
iil3 
Oij-ftenization of, ii 2 
mode of obcaioinK', ii 5 
Baldwin's, i 326 
Canton's, i 387 
Huinbet^'s, i 353 
liquid, ii 1 6 



combines with metals,'!! 



(foli ii Si 
iodine ii 35 
lime, ii 13, 13 
platinum, ii 59 

potassium, ' ' "' 
■odium, ' * 



1, ii 59 / 

ni,il88:iil5 / 

il93 /, 

ii 13 I 



ii 111 

PluHphurett, metallic, ii 48 

Phaep/aireied hydrogen gas, prepar*- 
tion o6 
iil3 

ties ot 
ul4 
PhoKmeier, i 110, 111 
Picroael, ii ,68, 271 
Picrolaxine, U 203 
Pinehdeck, ii 84 
Pilch, mineral, ii 198 
Pit Ctid, ii 199 
Plaittr of Paris, i 378, 279 
PUulert, ii 17a ' 

Platinum, ii 56 

properties of, ii 56 

O3ndeaof,li41, 5^5i 

test of, ii 59 

uses of, ii 59, 60 

ethereal solution of, ii 5ti 

phosphuret of, ii 59 

alloys of, it 59 

fulminating', il 59 

a slow conductor of caloric, 
n6i} 

destroys the colour of gold. 
iir4 

tiised by the combustion of 
hydro-zincic fi9, it 109 

analysis of ores of, ii 349 
PAMijogv, ii 94 



Plumbago, method of ueertiitUnf , ti 
34S 
composition o( ii 94 
Phmbmt, ii 47, 106 
Plimber't solder, ii 102 
Pneimaio-ciamml trough, i 112 
Patmt, method of detecting, ii 357 
reffledicB aeunat some, ii 
366 



Pah/clrmUt'u 203 
Portable furnaces, i 3 
»onp, ii 229 
PoUuA, prepuation of, i 178 

ncTBT quite free from carbonic 
acid and water, i 178, 179 

Eropertiei of, i 179 
jdrated, i 179 
table of the qnantity in tolu- 
linns of diiTetent gravities, 
il80 
analyos of, 181 
pure, i 186 

component puts of, i 189, 190 
aub-cait>onate o( i 2S9 , 

method of 
obtuning, 
i240 

test, ii 31 J 
mode of 
certaining 
its purity, 
ii3S9 
of cDmmel«e, i 241 

method of as- 
certuning 
the real 



alkaU 
241 



in, I 



Ptituh, oitmc of, 1 319 

mode of u 
ing ite pu^^, it 
371 
nitjite of, i 326 
muriate of, i 347 
chlorate or h^per-oxymuiiMe 
of, i 355 

iU powerful HCtion on in- 
flnmmable bodies,! 357 
pru&siate of, ii 254 

best mode of pre- 
paring, ii 89 

iijir 
araeiute of, ii 123 
molybdate of, ii 134 » 
oxabte of, ii 153 
super-osalate of,_u 153 
quadroialale of, ii 153 
citrate of, ii 158 
taitnte (^ ii 165 

mode of ascertain- 
ing its puhQ, ii 



certaining 

acetate of, il 335 

mode of aacer- 
taiiung' ita 
purity, ii 372 
use of, as a test, ii 313 
solution of, mode of ascer- 
t^ning its purity, ii 369 
Potatiiinn, i 185 

mode of procuring, i 181, 



mode of a 
taining 

purity, ii 379 
bi-catt)onat« of, 1 242 

its difiereoce 
from the 

■ub-carbo- 



taimng its pU' 
rity, u 371 
bi-peisulphate of, i 273 
sult)hite of, i 385 
hyaro-sulphuret of, i 289. 

292 
hydiogureted sulphuret o& : 
295 



acids, i 187 
phoBphuret of, i ISfl! ii 15 
wilphuECt of, i 1 88 
amaig'un of, i 188 
aUoys of, i 1S8 
reduces all oildcs, i 189 
alloy of ammonium with, i 

303 
action' of sulphureted hy- 

292 
iodine on, ii 25 



Piixipilate per te, 

re J, ii 



Prtcipitatei, •ppiratus for (iiying, i 34 

colours of, ii 42r, 42g 
PredpHation, i 54 

JMB for, i 3S4 
Piieitley, Dr. his ounce measures re- 
duced lo cubiciJ incbp.s, u 3&T 
Prhux Riipert'a metal, ii 8J 
PriVen' Ijpes, Ii 117 
fmo-dibn-ale of mcrcilrf, ii £9 
Prttcchlandet, ii 1 1, 66 
Pn/l»itdai, ii 40, 67 
Priiiaiaii blue, method of prep»iitg, 

ii-251 
Prtuaale of iron, ii 88 
lime, ii 317 
pallailium, ii 74 
potash, ii 89. 317, 436 
Pni*ac icid obtained from veg^ta. 
bles, ii 168 
mode of obtaining, ii 

251 
properties, ii 333, S54 
ArWe powder ol Cassius, u Si 
Jhirp^Hc ilcid, ii 348, 436 

Pntrefaetim resisted by charcoal, I 
231 
retarded by carbonic 
acid, i 239 
^wrpacetic ether op apLrit, ii 224, 236, 

337 
^3/nligneBiii acid, ii lg2 

the same with the 
• acetic, ii 1B2 
, i 79, 218 

scale of Wedgwood's, ii 
403 

Pgrsnmcowt acid, ii 16S 
Pgnphanii, Homberg''a i 282, 307 
Pgri.Mrlaricadd, ii 165 



ttiiadr*xalaie of potash, Ii IJ.^ 



QuerdlrBti bark, ii 185 
Qvickiilver. See JtfefCHrp. 
I^U, coaguUled albumen, ii 301 



Re-ageau, a 306 

Jtctasiif. ii 122 

Retavc; i 31 

tubulated, i 31 
quilled, i 31, 3&1 
fted-lend, li 103 
RtduciioH of metals, ii 39 
Uc/raaors metak, ii 5i, 137 
Jitffvluf of antimony, ii 113 
Jimnel, ii 275 
Suint, vegetable, ii 174 

animal, ii ^42, 270, 371 
Sapiration diminislie«lhe bulkof air, 
i 137 
produces carbonic acid, i 

338 
function of, examined.!' 
363,265 
JeMmuCTren.,ii301 
Retiniaphattiim, ii 196 
Reterti, i 30, 363, 3G4 

coatinpfor,i33 
RnKTberaloryiaraiEe, i 28 
Rindval of metils, ii 39 
Rhalany. eitract ot; U 186 
R/icuni-palmaticm, cont^s oiaik acid, 

iil67 
SAenmic acid, ii 169 
Rhadiioa, ii 71 

alloj'B of, ii 72 
lnunateof,ii73 
oxides of, ii41, 72 
anolvsis of ores of, ii 35J 
Ri>cAelltsaH,ai66 

mode of ascertsiiui^ 
its puritj-, ii 273 
Rmiacic acid, ii 348, 388 
Rial of iron, u 83 

S. 
ccAarafeof lead, ii ISO 
Sacc/m-lactalei, ii 250 
Saccha-laciit acid, ii 349 
Sa/elii-Larhji, construction of Bir U. 
Davy's i 358 
principle of its opera- 

'«>«>«■. iii as" ""■' 

'q^nin, substance extracted by alco- 
hol &om, ii 202 

, muliate 



Salifiable base, i 226 
Salifyin^^ principle, i 226 
Saliva, li ^fiS 

properties of, ii 366 
component parts of, ii 367 
nmon. See SBfja,munate of 
torrel, ii 151, See Uxalir, 



xznu 



mmsx. 



Salt, spirit of. See Muriatic and. 
Salts, definition of, ii 331 ' 
division of, i 225, 227 
terminolo^ of, i 225, 226 
analysis ot, ii 333 
solubility ofj in water, 11416, 
418 

in alcohol, U 419 
insoluble, disunited by Galva- 
nism, i 168 
incompatible^ ii 423 
neutral, i 226 
Sandheat,! 372 

furnace for distilling by, i 28 
Saturation, i 39, 44, 70 
Scales of animads, ii 300 
Scarlet, solution of tin used in dyeing, 

u 101, 185 
Scheele'a green, ii 122 
Sebacic acid, ii 250 
Secretions, animal, ii266, 274, 279, 280 
Sedative salt. See Boradc Acid 
Sdgnette's salt, ii 166 

mode of ascertsuning 
its purity, ii 372 
Seleniales, ii 119 
Selenic Add, ii 119 
Selenium, ii 119 

properties of, ii 119 
Sem-metala, ii 31 
Separator, i 363 
Seroaity, ii 258 
Serum, ii 958 
SheaiJdng of ships, i 160 
Shells, ii 297 

Silex, attempts to decompose, i 206, 
216 
method of obtaining, 1 214 
properties of, 1 214 
SiUcated alkali, i 215 

fluoric gas, ii 19 
Silid'Jluoric acid, ii 20 
SlUcium, i 216 

Silk, sulphurous acid gas whitens and 
gives lustre to, i 271 
properties of; ii 302 
Silver,: properties of, ii 60 

tarnishing of, ii 61, 65 
oxides of, ii 61 
sulphate of, ii 61 

its use as a test, ii 315 
nitrate of, ii 61, 63 

its use as a test, ii 

315, 359, 362 
mode of ascertain- 
ing its purity, ii 
376 
subnitrate of, ii 61 
muriate of, ii 85, 349 
purification of, ii 60, 104 
chlonire, or chloride of, ii 62 



&7ver, fulminating compounds of, ii 
64 
solvent of, ii 64^ 65 
phosphate of, ii 65 
alloys of, ii 65 
standard, 11 65 
sulphuret of, ii 65 , 
ac^Ute of, ii 226 

use of, as a test, Ii 315 
analyi^ of ores of^ ii 349 
Similor, u 83 
Sine^va,n300 
Skin, ii 300 
Smalts, 11 127 

Smells, destroyed by charcoal, i 231 
Soap, ii 171 

dissolved in alcohol, as a test, u 
321 
Soda, preparation of, 1 178 

Eroperties of, 1 179 
ydrated, i 179 
table of the real quantity in so- 
lutions of different gravities, 
1181 
of commerce, method of ascer- 
taining the real quantity of 
alkaU in, 11 380 
analysis of, 1 182, 183 * 

component parts of, 1 193 
npver free from water, 1 179 
bi-carbonate of, i 244 
sub-carbonate of, 1 243 

its use as « 

test, 11 313 
mode of ascer- 
taining its 
purity, U 
• • 370 

sulphate of, 1 274 

mode of ascertain- 
ing its purity, 11 
371 
sulphite of, 1 286 
hydrosulphuret of, 1 293 
hydrofifureted sulphuret of, i 

295 
nitrate of, 1 322 
muriate of, 1 347 ; ii 242, 371 

decomposed by ox- 
ides of lead, ii 106 
m«de of ascertain- 
ing its purity, ii 
371 
chlorate of, i 358 
phosphate of, ii 6 

as a test, ii 320 
borate of, 11 18 

mode of ascertaining 
its purity, 11373 
sub-borate of, ii 18 
oxalate of, ii 154 



Soda, Vin-osalite of, ii ISi 
citrate ol', ii 158 
acetate of, ii 225 
use or, as a test, ii 313 
tartrate of, ii i66 
succinate of, as a. tut, ii 312 
Sedaae, i 345 
SinUum, i 103, 191 

mode of procuring, i 178, 183 

properties of, i XWl, lyS 

osidea of, i 192 

sulpburet of, i 193 

phospliuret of, i 193 

amalgain o^ i 19^ 

action of sulpliuivted hydro- 



gen o 



i29iJ 



Soiii, iinprovemeui ot^ ii 335 
Soiar p/uapluri, i 109, 2T7, 217 
Solders, a 5U, 1U2, 113 
SoUde, espansion o^ bv beat, i 7S 
if 411 
absorb beat in becoming li- 
quid, 192, 93 
melting points ol^ ii 405 
poBsesain^ poroaity, absorb 

goaes, i 12 1 
pomt of volatilization of some, 

ii4U6 
ipecific heat of several, ii 415 
Salution, \ 38, 154- 

experimental illustiatlonn of, 

i68 
eflects of vei'y minute divi- 

.sion of bodies, i 69 
generally produc its cold, i 94, 

93, 1S4 
heat sometimes evolved in, 
il33 
Sorbic acid, ii 162 

ho* procured, ii l'^2 
its properties, ii 163 
anidysiaof, iill33 
the same Viilth tlie malic acid, 
U43S 
Sarrel, salt of, ii 151 See Oxalic add 
Sonji, portable, ii 229 
Spar, calcareous, i 350 
ponderous, i 277 
Sped/e Gravils- SceGrm-ilg SjH'eific 
Speculum metal, ii 83 
Spi^lK-e, ii 109 
Spfi-niaceli, ii 244 
Sptriti proof, ii """ 



ofw: 
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Sjiring; metallic, ii 327 
SlalacHtet,\U5Q 
Stannane, ii 47, 101 
■Siamaneii, n 47, 100 
Starch, a deUcafp teat of iodine, ii 39 
converted into sugar in tlie 
prOcesa of midtlog, ii ISO, 
Voi.I— F* 



Starch, mode of obtaining-, ii 176 
properties of, ii 177 
method of converting it into 

sugar, ii 178 
analysis of, ii 178 
ioduret and sub-ioduret of, u 
179 
Sieam, formed at the bottom of water, 
i9fi 
has the same temperature na 

boiling water, i 96, 97 
latentheat o^ i 96, lUO, 102 
specific gravity of, i 100 
equal weights o£ contain equal 

quantities of caloric, i 102 
applicable to the purpoje of 

healing bodies, i 1J4 
force of, at difierent tempera- 
tures, ii 4U3 
Stearin, ii 246 
Steel, method of ffUding, ii 55 

a compound of iron and carbon, 

cut, i94 

.VA'Aicacid,ii]15 

SliAuuE acid, ill 15 

SHU, conunon, i 30 

Slaiia, analysis o^ ii 335 

substances, tbat may be c:c- 
pectcd in, and means of sepa- 
rating, i) 346 

Sirmlilea, analysiaof, i 210 

Eropertieso^ i 209 
ase of, i 2ia 
carbonate of, i 249 
sulphate of, i 278 
hydiijaalphuret of, i 293 ^ 
Dltmteot 1326 
muriate of, i 352 
chlorate of, i 360 
oxalate'of, ii 154 
acetate of, ii 236 
use of, as a test, ii 314 
SlraiiU'tii'i, i 210 

i-uiiocMc of soda, ii 18, 130. 373 

SuiiarlioiuUe of ammomiii i 344, 247 

lime, i au 

magnesia, i 351 ; ii 370 
potaab, ii 369 
soda, 1343! 11370 
S'f!i-r.hl,n<l^ oflend, ii 106 
.Viiftrr, ii 195 
SiiUric acid, mode of obtMning, il 193 

properties of, 11 196 
S,Mii»tlc, coiTosive, ii 69, 317, 374 
SuhlimaHon, i 351 
Submariaie of copper, ii 81 
gnid, ii 53 
mcrcuiy, ii 69 
means of nscerlaining 
the purity oi, ii 374 . 



IMDBX. 



SubmtraU of mercury, ii 69 
silver, ii 61 
copi>er, u 80 
. i^&7i»rri/eof lead, ii 106 
Sub-nUcated fluoric acid, ii 19 
Sub-nilphaSe of copper, ii 79 
iron, ii 86 
meitury, ii 376 
tin,u99 
Sub-Bidpkuret of mercuir, ii 70 
Sub4armate of lead, ii lo8 
Succinate of ammonia, as a test, ii 92, 
319 
iron, u 92, 175 
soda, as a test, ii 319 
Succinic acid, ii 174 

mode of ascertaining^ 
the purity of, ii 369 
Sugar, ii 148 

preparation o( ii 141, 149 
obtained from several vegeta- 
bles, ii 149 
propertiett of, ii 150 
component parts of, ii 150 
substances resembling, ii 151 
starch convertible into, ii 176 
contidns all the principles of 

wax, ii 190 
renders nitrous acid a solvent 

of manganese, ii 384 
animal, i 243, 249, 276 
of lead, u 107, 364 
Sulphates, tests of, ii 323 
Sulphate of alumipe, i 281 ; ii 323, 373 
ammonia, i 275 
ammonia and magnesia, i 

280 
barytes, i 279 
bismuth, ii 112 
copper, ii 78 
glucine, i 283 
CTon, ii 86, 314, 373 
lead, 11105, 316 
lime, i 278; ii 323 
lithina, i 195 
magnesia, i 269 ; ii 372 
mercury, ii 67 
potash, 1272; ii 371 
silver, ii 61, 315 
soda, i 274 ; u 371 
strontites, i 278 
tin, ii 99 
• yttria, i 283 
zinc, ii 109 
zircon, i 283 
tests of, ii 323 
compound, of nuignesia and 
soda, i 280 
Sulphites, method of obtaimng, i 284 

properties of, i 284 
Sulphite of aliunine, i 286 



Sulphite of nmrnomsL i 2BS 

baiytes, i 286 

lime, i 286 

magnesia, i 28^ 

potash,i 285 

soda, 1285 

copper, ii 79 

iron, u 87 

lead, ii 105 

si^lphureted, i 288 
Sulphur,! 261 

compounds of, i 262, 286, 

298 
analysis of, ii 347 
properties of, i 262 
preparation of, for taking 

impressions, i 262 
combination of alcohol witli, 

1262 
contains hydrogen, i 263 

oxygen i 263 
combustion of, i 263 
combination of alkalies with, 

1263 
' alcohol of, i 296 
combination of chlorine with, 

1344 
phosphuret of, ii 12 
combination of metals with, 

ii43 
balsam of, ii 171 . 
hydrogureted, i 294 
Sulpkurane, i 345 
Sulphuret of potassium, i 18Q 

sodium, i 193 

ammonia, i 287 

lime, i 287 

carbon, 1 296 

iodine, li 25 

^Id, ii 55 

silver ii 65 

mercury, ii 70 

palladium, ii 7ii 

copper, ii 82 

iron, i 289 ii 92 

nickel, 119697 

tin, u 99 

lead, ii 108 

zinc, ii 109 

bismuth, ii 111 

antimony, ii 115, 116 

arsenic, ii 122 

cobalt, ii 126 

manganese, ii 132 

molybdenum, ii 133 
Sulphttrets, alksdine, mode of prepar- 
ing; i 286 
general proper- 
ties of, i 288 
exist only in a 
dry state, 1287 



Jfu/piJirrts, alkaline, use of, as tests, 

tests of, ii 333 
metallic, ii 43 
table of the eomposition 
of Beventl, ii 44 

hvdrogureted, i 394 ; ii 46 
of bismuth, ii 112 
of mercury, iiZl 
m Sulp/nirrtrii h^dragen combines with 

with metals. 



g3s, quantity 
of absorbed 
by water, i 



properte 
i3S<J 



^vith alkalies 
and eartha 
forms hy- 
drosulphu- 
rets, i 291 

ii 323 
liquid. See 
Siilp/nirel 
of carbon, 
oxides, ii 45 
sulphites, i 384 
JSK/^ft!<ric acid, i 264 

component parts of, i 

264 
piiriticadon of, i 265 
decomposition of, i 269 
heat and light evolved 
on its addition tc 
magnesia, i 3?9 
nmnufacLure of, i 320 
use 0^ as a test, 11311 
tests of, ii 322 
treatment of persons 
who have swallow- 
ed, il 366 
method of ascertaining 
the piiritv of, ii 36fi 
S'lacial, i26riii86 
real, quantity of, in 
acid of different den- 
sities, 1266 
■etfier, ii314, SIS, 218 



Sulphnmed alcohol, i 262 

Su^ihiiroue acid, formation of, i 370 
properties of, i 270 
component parts oi, 

convertible into sul- 
phuric arid, 1271 
tests of, 11332 

Sidphur vhmm, i 262 

Sumach, ii 185 

Sun beams, consist of three kinds of 

rays, i 107, 108 
Super-carbiiivledhydTogea, i 257 
Super-axalate of potash, ii 1S3 

soda, ii 1S4 
Super-ndphate of mercury, ii 67 

potash, i 373 
Super-milphuFel of iron, ii 93 
Super-iulplaireled hydrogen, i 293 
Super-tartrate of potash, ii 165 

mode of ai- 



Sympathede inks, iiSI, 90. 1 



Tallo-a 



ii345 



Tan, from gaUs,ii 159 

how obtained, ii 186 

propertiea of, ii 187 

analysisof, iil87 

quantity afForded by difTerent 
barks, ii 187, 188 

nrtiiicial formation of, ii 1S3 
Timiialeof iron, ti 90, 188 

leail, ii 198 
Tatmm, ii 186 
Tamdng, application of chemistry to. 

Tantalum the same with columbium, 

ill39 
Tar, mineral, ii 198 
Tartar, cream ot ji 163, 164. 372 

emetic. See Jhilimm^ tar- 

larized 
soluble. See .PotosA, tartrate 

of 
viti-iolatcd. See Polaa!,, sul- 
phate of 
Tnrianc acid, mode of obtaining, ii 
163 
properties of, ii IW 



164 

combinaliona of, ii IfiS 
mwle of ftscertaJ iiing th o 
pttvitj oi; ii 368 
\e of tithina, i 195 
potash, ii I6S 

mode of ascertain- 
ing' ita purity, ii 
372 



TeoT-j, ii 279 

Teesh, ii 297 

Ti''^uralea, ii 118 

Tellurcied hydrogen gna, ii 118 

Tdlttrivm, ii 1 17 

acidi(iBhle,iill7 
analysis of ores of, ii IS3 
comnoiuid of hydrogen 

with, ii 118 
alloy of potassium wiUt, i 
118 
Temberature, inflncnce of, on chcTni- 
cal affinity,! 59 
what, i 74 

method of ascertaining, 
i74 
,j change o£ produced hy 

solution, i 95, IS4 
Tenocifj of different metal9,ii31 
Tendens. a 300 
ToTajapBTiica, ii 186 
TmMjU 307,379 
Thtnimmieier, i 74 

its consti-uction, i 79, 1 

its rise nearlv in the 

ratio of tho'im-reiuE 

ofhettt,ia3,&t 

Dr. Dallon's scale of, : 



II what rcspectb it difTew , 
from other eartlis, i 223 
Tin, precipitation of ^old l)v, ii 54 
muriate of, best test of phitinum, 

iiS9 
properties of, ii 98 
oxides of, ii 41, 98 
tiydratei of, 99 
avnalgam of, ii 99 
sulphate of, ii 99 
suhsidnhate of, ii 99 
nitrate of, il 100 
muriate of, ii 100 
oxymuriate, or per-clilorine of, ii 

100 
ni'ro-miirlate of, ii 101 
acetate of, ii 101 
tartrate of, ii 101 
aiilphurel of, ii 101 
alloys of. K 103 

action of arsenic acid on, ii 123 
analysis oforcB of, ii 350 
Tincal, ii 18 
IVnninff, wet, ii 101 
T^itsiuufR, ii 137 

how obtained, ii tJ7 
properties of. ii 137, 138 
anarvsisoforesof,ii353 
Tobacco, peculiar principle of, ii 203 
7lmi*ac,iiB3 
Treacle, ii 149 
Triraxiiles, ii 40 
T«6eofsafety, i32 
Tutei, long or crooked, joint for iinit- 



the, li 397 

Mr. Dalton's new scale 
compared with Fah- 
renheit's, ii 404 

air. i 80,364 

diiTerential, i 81 

various, correspon- 

een. ii 403 

in the, ii 282 



Tulips, singular substance from the 

poUen of, ii 203 
Titngilate of lime, ii 135 
T'uHj'Sten, mode of obtaining, ii 135 
characters of, it 1^6 
oxides o^ ii 136 
analysis of ores of, ii 352 _^ 
Timgslic ucid, mode of obtaining, ii 
135 
properties of, ii 136 
Tnvbitl, mineral, ii 67 

inorle of ascertain. 
iitg its purity, ii 
376 
Turf, ii 199 
Twmeric, as a dye, ii 185 

paper and tincture, as tests, 
ii 310 
Tiii-pentine, oil of, converted into a 

kind of camphor, il 173 
TiUenag, ii 33 
Tspci, metal, ii 117 



VnuBitm, analysis of ores of, li 352 
Urea, method of obuunin^ ii 239,285 
propei-deaof, ii239, 241 
altera the form of some m 

iLtesii342 
elements ol; ii 'J42 
Uric acid, 347, 390 
Uiine, sugar found in, ii 243 
gravel in, ii '.'47 
cslcul! ill, ii 347, 2g9 
lateritioua sediment of, ii 248, 

2S8 
analysis of, ii 283 
putrefaction of, ii 388 
changes of. in diseases, ii 
of diflelent animals, ii 389 



Vapour, caloric the cause of, i 95 
RiffliVA««,iil74, 190 
Fati^eloie, ii 4J€ 
Vegeldkle acids. See ,9dda. 
extract, li 144 
jelly, ii 148 
aubstancps, ii 142 

result of the 
spontaneous 
decompusitic 
of, ii 205 
Yegelables, growth of, affected by ca 
bonic Bcid, i 239 
proximate principles of 
- 42, 145 



new Bcid discovered in, by 

Braconnot,ii 169 
fixed oils obtained from, 
ii 170 
rerifcjTis, ii 82,226 

mode of ascertiuning the 

purity of, ii 377 
distUled, 11077 
TerMter, ii 79 80 
Tatialim, ii 70 
Fnwjw, ii 221 

purification of, ii 222 
distilled. See Acetnia Acid 
radical. See Acetic Acid 
Viiunu fermentation ii 205 
Violett, syrup of, as a test, ii 308 

test of its genuine- 
ness, ii 309 
its colour restored by 
osy^en, 11310 note 
pickle of, ii li'i note 
ntrioi, blue. See C^pp'^, sidphate of 
p^en. Sec Iron, sulphate of 



;, White. See Zinc, sulphate of 
oil oi, table of the quantity of 
and of dry sulphuric acid in 
100 parts by weigbt of dilu- 
ted acid at different densi- 
ties, ii 424 
'i eudiometer, i 140, 366 
pile, i 157, 160 



r, supposed not to conduct heal;, 
i "^d, 91 

is a slow conductor, i 90, 91 

quantily of cual required to 
evaporate, i 100 

composition of, i 145 

proportion of the elements of, 
i 147 

analysis of, i 149 

properties and eiTecta of, i 161 

absorbs chlorine gas, i 130 

contains dr, i 131 

quantities of gases absorbed 
by, i 152, 236 

contained in the atmosphere 
in the driest weatlier, 1 153 

solidified in various solids, 1 
154, 225 

change of temperature pro- 
duced by solution of bqdics 
in, i 154 

during solution gives out air, 
unci has its bulk altered, i 
155 

has its solvent power increas- 
ed, by dimimshing the pres- 
sure, i 155 

expands by cold, i 156 , 

decomposed by galv^sm i 
166,167 

alvaya contains neutral salts 
in solution, i 170 

an essential element of all 
acids, i 225 



d by phosphuret of 
lime, ii 13 
apparatus for showing the com- 
position of, i 366 
apparatus for showing the 

decomiiosition of, i 3M 
danger of leaden vessels for, 

ii 104, 364, 365 
tests of hardness of, ii 321 
expansion of, by heat, ii 410 
solubility of salts in, ii 416, 418 
rs, mineral. See JUineral Wa- 

natuial aulphurous, i 2B9 



IFiiehlt, English, reduced to Frcncli 
ii 389, 391, 396 
German, ii 390 
Dutch, ii 390 
Swedish, ii 39(r 
□Id Flinch, 1! 396 
modem French, ii 391 
absolute, of gaaea i 130 

rules for calculul- 
inr, from the spe- 
cific gravity, ii 
401,402 
»'eldfti^,il91i iilS7 
WtUhxr't tahe of safrtj, i 32 
WeHtmang, ii 101 
Wheal, B 179, 180 
Whey, a 27S 

White, how produced on a black 
ground in calico pHiitin^, ii 
1S5 
lead, ii 146 

mode of aseertaining i 
purily, ii 3?7 
Wiitdfitmace, i. 38, 370, 371 
Wiae, tests of the presejice of lead 
ii 107,108,304,365 
oil of, ii 215 

table of quantities bf alcohol 
in vsrious sorts of, ii 2Ur 
IFirti, tenacitv of, ii 31 
ffeifimn, ii 13"6 

WoBrf, quantity of cluirc:)ftl afibrdcd 
, by different kinds of, i 229 
'*'"i)rf!< fibre, iilBl 
'f«K ii 301 
f'eii/ji'a appamtmi, i 31, 365 

K^**l- toincpal, or palem. Ii \i" 

<% 3 320 

niMhod of obwinii;:.' 



, its properties, i931 
an oxide, 1 221 
cirboiuitc of, i HS'Z 
sulphate of, i 283 



Z. 
Za/i-e, ii 124,137 

where to be procured, i 
allovs of, ii 83, 111 
purification of, ii 108 
properties of, ii 109 
oiadea of, modes of ascei: 

the purity of, ii 376 
solution of, in hj-drogen g 

109 
Ridphate of, ii 100 



acetate of, ii 110, 226 
oxidized and dissolved b' 
lies, ii 110 



phosphuret of, ii 1 1 1 
analysis oforea of, ii 351 

Zincant, ii 47 

Zircon, attempt to decompose, i 306 

method of obtuning, i 319 

its prop ertiea, i 319 

cnAonatc of, i 252 

sulphate of, i 283 



muriate of, 
"..«, 1919 

:< wt. U 2SA 
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INTBODIJCTION*. 



IT has so long been a custom to preface a course of lectures 
irttli tlie history of tlie science which is their object, tliat it maj be 
necessary to state, briefly, the reasons tliat hitve induced me to 
depart from this established usage. 

The history of chemistry may either be merely a history of the ^ 
science, that is, a view of the progressive development of t 
facts and doctrines of which the science is composed ; or 
comprehend, also, the biography of chemists, llie detail of t! 
prioress of discovery, however, concerning particular objects d 
chemical research, would certainly be premature, at a period, 
when the student may be supposed to be ignorant of ihe cKterr.al 
forms, and even of the existence, of no inconsiderable pari uf 
ihem. Respecting chemists themselves, little can be said thai can 
contribute to information or amusement; for their lives, devuled 
io the abstract pursuits of science, have seldom been productive of 
•vents, that are suited to awaken or gratify general curiosity. 
Our interest, indeed, respecting philosophers, is seldom eKciied, 
unless by a knowledge of the additions which they have made to 
HxB fects or theories of a science ; and with these a lecturer may 
£urly presume, however the fact may really be, that his hearers. 
It the commencement of a course, are wholly unacquainted. On 
'tiiese grounds, therefore, I hope to be excused for devoting to other 
,f«rpOBeB the time, that would have been allotted to the history of 
science. For this, will he substituted a brief view of the na- 
tore knd objects of chemistry ; of Its connexion with the arts and 
Vrith other sciences; and an outline ef the plaa on which Ihe foU 
lowing lectures will be conducted. 

' The following discourse formed, originally, the imrodirction toa se. 
UVB aricctures delivered in Manclicitcr, and was afierwardt published tLit> 
der the title of " A tienend Vieiv of the Nature and ObjecraorchtmiHry, 
.lild uf iu Application to Arts and Maijufactvires." As the readers of an 
ihilMupMry book nmy be presumed to require a similar plan of instruction, 
lllr hearersof a popniarcourse of lectures,! havelhoiighl il iinncces- 

*~ alter the form under which ilie cssav fi?'st ap|ieiired, tlioiiirh a. lew 

ijkie applicable cliietly to tlie personii La whom it was oni^iiiailj ai 
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tlic most suhli-ne r lews of ihe benuty and liarmotiy of (lie un™ 
and develnfies a plan uf tusI extent, and uninttnuplxd i 
wliich could liavc beun conceived only by perfect wisdom, and ex" 
ecuteU by unbounded power. By wUhdrawins; the mind, alMi 
from pursuits and amu^semcntstliat CKcite tlie imagination, its in^, 
vewrinafions may tend, in common witli the rest of the physical 
sfiences, to the improvement of onr intellectual and moral habits; 
Iw strengthen the faculty of patient and accurate thinkin^ , —^--^ 
ti)4ub»titute placid trains of feeling, for those which are too apt raB 
be awakened by the contending interests of men in society, or -tbtf 
imperfect govemment of our own passions. 

The class uf natural events that call for the explanation of ch«-^ 
mifal science, i?i of very considerable extent; and the natuAH 
philosopher (nsins f his term in its common acceptation) is wkol% 
iwrompetent to unfold tlieir connexion. He may explain, for e 
ample, on the principles of his own science, the annual and did 
nil revolutions of the Earth, and part of the train of consequeif 
ces depending on these rotations But here he must stop j and' 
the chemist mast trace the effects, on the Earth's surface, of the 
cnloric and liglit derived from the eun ; the absorption of calorkr 
bj the -various bodies on which it falls; the consequent fluidity rf 
some, and volatilization of other!) ; the production of clouds, and 
tlieir condensation in t!ie form of rain ; and tlie eifects of thw 
rain, as well as of the sun's heat, on the animal, vegetable, and 
mineral kin^oms. In these minuterchanges, wesliall find, tbcFs 
is not less excellence of contrivance, than in the stupendous 
movements of the planetary system. And they interest us even 
more nearly; because, though not more connected with our ex- 
istence or comfort, yet they are more within our sphere of ol 
vatinn ; and an acquaintance with their laws admits of a more di 
rect application to human aftairs. 

There is anotlier branch of knowledge (that of natural historj 
hich is materially advanced by the application of chemical ti 
The classifications of the naturalist are derived from I 
lamination and comparison of the external forms, both of t 
mate and inanimate bodies. He distributes the whole rans/ 
B'ure into three great and comprehensive kingdoms, — the "I 
'Selahle. and the miner..l. Each of these, atain, isB 
Svitltd into aevvial leris extensive tUssesj and individual 



tf lire rpfiiiTcd to tlieir place in llic system, by the asreement 
r thaiacters, wiljitiiose assisted to the class, order, and 
nusi Iji t)ie different departments of natural liistory, tiiese re- 
in 1)1 iinccs vary in distinctness, in facility of obsei-vation, and ill 
kei-tainty of description. Thus, tlie number and disposition of 
^,parts of fructification in ves^tables aAbrd marks of discrimi- 
«li. wliicli are wpII defined, and easily ascertained. But mine- 
(, tJiat are not possessed of a regularly crystallized form, are 
fUfQiislieil by outward r|ualitiea that scarcely admit of being 
krately conveyed by language ; such as minute shades of co- 
; or trilling dlfl'erences of hardness, transparency, &c. To 
isicvidence of these loose and varying characters, that of the che- 
li composition of minerals has within the few past years beea 
d ; and mineralogy has been advanced, from a confused as- 
e of its objects, to the dignity of a well methodized and 
ffltific system, in the example of crystallized bodies, the coi'- 
ideuce between external form and chemical composition, 
wiieen most successfully traced by tlie genius of ttaiiy ; whose 
leihod of investigation has enabled him, in numerous instancesi. 
D anticipate, from physical characters, the results of the must, 
kilful and laborious analysis. j ■ 

^U is unnecessary to pursue this part of tlie subject to a greatee | 
; because, to all who have been in tlie habit of philosophi-. 
I', investigation, the connexion between tlie sciences must be 
tcieutly apparent; and because there is another grriuml, on 
h chemistry is more likely to claim, with success, the respect 
dattention of the great mass of mankind. This is, its capacity 
if'nunistering to our wants and our luxuries, and of instructing 
s -tu convert to the ordinary purposes of life, many substances 
h nature presents in a rude and useless form. The extracr 
tals from their ores; the conversion of the rudest ma* 
i into tlie beautiful fabrics of glass and porcelain ; the pro- 
^tfuction of wine, ardent spints, and vinegar; and the dyeing of 
I, cotton, and woollen manufactures, — are only a few of the 
that are dependent on chemistry for their improvement, and 
Iftven f<>r their successful practice. 

It cannot, however, be denied, that all tlie arts which have beett . 
I Rationed were practised in times when the rank of chemistry, w ' 
;, was extremely degraded; and tiiat they are tlie daily 
pioyment of unlettered Mid ignorant men. ^ut to what do^*^ 
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lliis confession amount? and how far does it prove tlic indepeu- 
dence of the above arts on the science of chemistrv r 

The skill of an artist is compounded of knowledge and of ma- 
nual dexterity. The latter, it is obvious, no science can teach. — 
Hut the acquirement of experience, in other words, a talent for 
tlie accurate obsei-vation of facts, and the habit of arranging facts 
in tiie best manner, may be gi'eatly facilitated by the possession of 
scientific principles. Indeed, it is hardly possible for any one to 
frame rules for the practice of a chemical art, or to profit by the 
I'ules of others, who is unacquainted with the general doctrines of 
the science. For, in all rules, it is implied, that the promised ef- 
fect will only take place, when circumstances are precisely the 
same as in the case under which the rule was formed. To ensure 
an unerring uniformity of result, the substances, employed in che- 
Tnical process, must be of uniform composition and excellence ; or, 
when it is not possible to obtain them thus unvaried, the artist 
should be able to judge precisely of the defect, that he may pro- 
portion his agents according to their qualities. AVere chemical 
knowledge more generally possessed, we should hear less of failures 
and disappointments in chemical operations; and the artist 
would commence his proceedings, not, as at present, with distrust 
and uncertainty, but with a confident and well grounded expec- 
tation of success. 

It will scarcely be contended, that any one of the arts has hi* 
therto attained the extent of its possible perfection. In all, there 
is yet a wide scope for improvement, and an extensive range for 
ingenuity and invention. But from what class of men arc we to 
expect useful discoveries ? Are we to trust, as hitherto, to the fa- 
vour of chance and accident ; to the fortuitous success of those 
who are not guided in their experiments by any general princi- 
ples ? Or shall we not rather endeavour to inform the artist, and 
induce him to substitute, for vague and random conjecture, the 
tx)rch of induction and of rational analogy ? In the present imper- 
fect state (ipf his knowledge, the artist is even unable fully to avail 
himself of those fortunate accidents, by which improvements seme- 
mes occur in his processes ; because, to the eye of common ob- 
lation, he may have acted agreeably to established rules, and 
.varied in circumstances which he can neither perceive nor 
H;iate« rhc man of science, in tliese instances, sees more 
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deeply, ami. by iivailing Jiimself of a-miiiute ami accidental dlfj 
iercuce, contributes at once to tlie promotion ol' \m own intP.rost, 
Ojiid to tlie advancement of iiis art. 

jBut it is tlie union nf theory with practice that is now recom- 
BMO(li^il> And " when theoretical knowledge and practical skill 
^re.bappily conihined in the same person, tJie intellectual power of 
aappcarsiniC^rull perrection.and equally fits hiin to conduct, 
witii a masterly hand, til e detiiils of ordinary business, and tncon- 
ta.q<l successfully with the untried ditlicultics of new and per- 
plexing situations. In conducting the former, mere experience 
nifty frequently be a siilRcient guide j but experience and specu- 
iation must be combined to prepare us for t!ie iattei'*." " Expert 
in," says Lord Bacon, " can execute and judge of particulars 
eby one; but the general counsels, and tlie plots, and the mar- 
shalling; of atfairs, come best from those that are learned." 

lliiG recommendation to artists, of the acquirement of scientific 
Iraou-ledge, is happily sanctioned by the illustrious success in our 
urn days, of the application of theory to the practice of certain 
LilSi Few persons are ignorant of the benefits tliat have resulted 
O'the manufactures of tiiis country, from the inventions of Mr. 
^AttandMr. AVedgwood; both of whom have been not less beuc- 
■ctotsof philosophy than eminent for practical hkdl. The former, 
by ft clear insight into the docti-ine of latent heat, resulting, in a 
ftt measure, from his own acuteness and patience of investiga- 
I, and seconded by an unusual share ofmechanical skill, has per- 
is brought the steam-engine to its acme of perfection. Mr. 
Wedgwood, aided by tlie possession of extensive chemical know- 
bdge, made rapid advances in the improvement of the art of mann- 
ing porcelain ; and, besidesraisinghimselfto great opulence 
d distinction, has created for his country a source of most pro- 
Ktftble and extensive industry. In an art, also, which is nearly con' 
i with the manufactures of our own town, and the improve- 
it of which must, therefore, " come home to our business and 
ims, " we owe unspeakable obligations to two speculative che- 
ts, — to Scheele, who first discovered the oxygenized muriatic 
kcid ; and to Berthollet, who first instructed us in its application to 
cart of bleaching. 
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Mr. Arthur Young, that, in some parts of England, any loose clay 
is called marl, in others marl is called chalk, and in others, clay 
is called loam. From so confused an lapplication of terms, all ge- 
nera] benefits of experience in agriculture must be greatly limited. 
Chemistry may, to agricuHurists, become a universal language, 
in which the facts, that are observed in this art, may be so clothed, 
as to be intelligible to all ages and nations. It would be desirable, 
for example, when a writer speaks of clay, loam, or marl, that he 
should explain his conception of these terms, by stating the chem- 
ical composition of each substance expressed by them. For, all 
the variety of soils and manures, and all the diversified produc- 
tions of the vegetable kingdom, are capable of being resolved, by 
chemical analysis, into a small number of elementary ingredients. 
The formation of a well defined language, expressing the propor- 
tion of these elements in the various soils and manures, now so 
vaguely characterized, would give an accuracy and precision, 
hitherto unknown, to the experience of the tillers of the earth, 
. It has been said, by those who contend for pure empiricism in 
the art of agriculture, that it has remained stationary, notwith- 
standing all improvements in the sciences, for more than two 
thousand years. "To refute this assertion,'* says Mr. Kirwan, 
" we need only compare the writings of Cato, Columella, or Pliny, 
with many modern tracts, or still better, with the modern practice 
of our best farmers." — '' If the exact connexion of etfects with 
their causes," he adds, " has not been so fully and extensively 
traced in this, as in other subjects, we must attribute it to the pe- 
culiar difficulty of the investigation. In other subjects, exposed to 
the joint operation of many causes, the effect of each, singly and 
exclusively taken, may be particularly examined, and the experi- 
menter may work in his laboratory, with the object always in his 
view\ But the secret processes of vegetation take place in the dark, 
exposed to the various and indeterminable influences of the at- 
mosphere, and require, at least, half a year for their completion. 
Hence, the difficulty of determining on what peculiar circumstance 
success or failure depends; for, the diversified experience of many 
years can alone afford a rational foundation for solid, specific: 
conclusions."* 



* See KJ^'wan on Manure*. 
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II. To those who study medicine as a branch of ffeneral scipnce, 
or with the more iinportarjt view of practical ulilUy, chemintry 
may be recommended wiili peculiar force and propriety. — ^I'he 
animal body may he regarded as a living; machine, obcyiag the 
Bame la^'s of motion as are daily exemplified in the prodtic- 
tions of human art. The arteries are long, flexiWe, and elastic ca- 
nals, admitting, in some measure, tlie application of the doctrine 
of hydraulics ; and the muscles are so many levers, of precisely 
tlie same effect with those which are employed to gain power in 
fnechanicnl contrivances. But there is anotlier view, in whic' > 
with equal justice, the living body may be conlemplalod. It \b a 
laboratory, in which are constantly going fortvard processes of va- 
rious kinds, dependent on the operation of chemical affinities. 
The conversion of the various kinds of food into blood, a fluid of 
comparatively uniform composition and qualities ; the production 
of animal heat by the action of the air on that fluid, aa it passes 
through the lungs ; and the changes, which the blood afterwards 
undergoes in its course through the body, — are all, e\cluaively, 
objects of chemical enquiry. To these, and many other ques- 
tioDS of physiology, chemistry has of late years been applied with 
.the most encouraging success; and it is to a long continued pro- 
,aecution of the same plan, that we are to look for a system of 
, physiological science, which shall derive new vigour and lustre 
, ^in the passing series of years. 

It mutt be acknowledged, however, as has been observed by 
. Sir H. Davy,* that the connexion of chemistry with physiology 
, has g^ven rise to sonic visionary and seductive theories; yet even 
.1 this circumstance has been useful to the public mind, in exciting 
,, it by doubt, and in leading it to new investigations. A reproach, 
to a certain degree just, has been thrown upon those doctrines 
known by the name of the chemical physiology; for, in the appli- 
cations of them, speculative pliiloeophers have been guided rather 
by the analogies of words than of facta. Instead of endeavouring 
slowly to lift up Oie veil, which conceals the wonderful pheoo- 
tnena of living nature ; full of ardent imaginations, they have vainly 
and presumptuously attempted to tear it asunder." 

It Coursq ofLecturcsi" i 
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111. There is an extensive class of arts, forming, when viewer 

collectively, a great part of the objects of human industry, whici 

do not, on a loose and hasty obsen'ation, present any general prin 

ciple of dependency or connexion. But they appear thus disunitctl 

because we have been accustomed to attend only to the production 

of these arts, which are, in truth, subservient to widely diflferen 

purposes. AVho would conceive, for instance, that iron and com 

I mon salt ; the one a metal, the use of which results from its hard 

ness, ductility, and malleability; the other a substance, chiefly val 

uable from its acting as a preservative and seasoner of food,— - 

are furnished by arts alike dependent on the general principles o 

chemistry? The application of science, in discovering the prin 

ciples of these arts, constitutes what has been termed economicaj 

CHEMISTRY ; amongst the numerous objects of which, the follow 

lowing stand most distinguished : 

1st. Metallurgy, or the art of extracting metals from their ore.* 
comprehending that of ^^ssflyiiz"', by which we are enabled to judge 
^ from the composition of a small portion, of the propriety of work- 

j! ing large and extensive strata. To the metallurgist, also, beIon»i 

:| the various modifications of the metals when obtained, and the 

union of them together, in different proportions, so as to aifoi'd 
compounds adapted to particular uses. — Throughout the whole ol 
this art, muck practical knowledge may be suggested by attention 
to the general doctrines of chemistry. The artist may receive 
useful hints respecting the construction of furnaces for the fusion 
of ores and metals ; the employment of the proper fluxes ; the utility 
of the admission or exclusion of air; and the conversion of the re- 
fuse of his several operations to useful purposes. AVhcn the metals 
have been separated from their ores, they are to be again subjected 
to various chemical processes. Cast or pig iron is to be changed 
into the forms of wrought or malleable iron and of steel. Copper, 
. by combination with zinc or tin, affords the various compounds 
of brass, pinchbeck, bell-metal, gun-metal, &c. Even the art of 
printing owes something of its present unexampled perfection to 
be improvement of the metal of types. 
2d. Chemistry is the foundation of those arts that furnish us 
if^saline substances, an order of bodieshighly useful Jn the busi- 
M of common life. Among these, the most conspicuous arc.. 
;ar in all its various forms ; the vep:etable and mincra\l alkalies. 
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known in coininerec by the names of |iotai!i, peuriash, mid barilla; 
CDinmoii salt: green uiidblue vitriol, and alum ; nitre or saltpetrej 
su^nr of lead ; borax ; and a long catalogue, whieh it is ncedleiS 
to extend farther. 

3d. Tjie manufacturer of ^(fflss, and of various kinds of yoftery' ' 
and porcelain, should be tlioroughty actiuainted with llie nature 
flf the substances he emjilajs ; with tlieir fusibility, as affected by 
diflerence of pioportion, or by tlie admixtui-e of foreign in^di^ j 
ents; with the means of regulating and measuring high degreea bI 
.Iteat; mth the principles on which depend the hardness of his p 
d-ucts, and their fitness for bearing the licissidides of heat and'* 
cold ; and with the chemical properties of the best adapted co- 
lors and glazing.— Even the humble art of making bricks and tiles 
h&B received from the clieinical knowledge ofBcrgman, the addition 
of several interesting facts. 

4th. The preparation of various kinds of _/enreenferf (ijHors, of 
wine, and ardent spirits, is intimately connected with chemical 
piinciples. Malting, the first step in the production of some of 
these liquors, consists in the conversion of part of the grain into 
■SMharino matter, essential in most inatances to the success of the 
tentative change. To acquii'e a precise acquaintance with 
>' circumstances, that favour or retard tlie process of fermen- 
ition, no small share of chemical knowledge ia required. The' 
;«wer should be able to ascertain, and to regulate exactly, the 
stfength of Ids infusions, wliich will vary greatly when he ha» 
KCnungly followed the same routine. He should be aware of the 
ioflaence of minute changes of temperature in retarding or advan- 
singr fermentation ; of tlie means of promoting it by proper fei- 
j and ofthe influence of the presence or exclusion ofatinoa-. 

A complete acquaintance with the chemical princLd 
f Ilia art, can hardly fail to afford him essential aid i 



The production of ardent spirits is only a sequel of the i 
Dua fermentation, and is, therefore, alike dependent on the doc 
■incs of chemistry. 

5th. The aria of bleaching, dyeing and printing, are, througli- 
Hit, a tissue of chemical operations. It is not unusual to hearthe 

iwmodc of bleaching distinguished bytiie appellation of the 



chemical mrtliod j but, it is in truth, nnt 
principles of this §cit'nce, than the 



ire dfiiendnnl a 
h it has eupercej 
nor than the kinrliei! arts of dyeingand printing. In the iiist| 
of bleaching, the obligation due to tlie speculative chemist iii.1 
versally felt and acknowledged. But the dyer and the printerH 
yet to receive from the plulosupher aome splendid invention, i 
shall command their respect, anil excite their attention to chi 
cal science. From purely speculative men, hoTvever, much less J 
be expected, tlian from men of enlightened experience, tv ho e 
vour to discover the design end reason of each step in the 1 
cesses of their arts, and fit themselves for moi-e elTectual oIm 
tion of particular facta, by diligently possessing themselves a 
neral truths. 

The objects of ioijuiry that present themselves to the dyerB 
printer, are of considerable number and importance. The pfiT 
ration of goods for the reception of colouring matter ; the ( 
tion of the best bases, or means of fixing fus^tive colours ; 
provement of colouring ingredients themselves; and the i 
of rendering them pennanent, so that they shall not be atlecte 
soap, or by the accidental contact of acids or other corronn 
dies ; are among the subjects of chemical investigation, 
business of the dyer, therefore, to become a chemist; and h^ 
be assured that, even if no brilliant discovery should be t 
ward of the acquisition, he will yet be better Rtted by it for^ 
ducting common operations, with certain and unvaried succeB^ 

6th. The tannins and preparation of leather are processed ti 
ly chemical, which were involved in mystery, till they weren 
ced to well established principles by the researches of Segutoj 
by the subsequent experiments of Davy. In this, as in most othe 
Amples, the application of science to the practical improvem^ 
an art, has to encounter the obstacles of ignorance and prejid 
But the interests of men are sure finally to prevail ; and the f 
itted attachment to established forms must give place t 
irly demonstrated utility of new practices. Such i 
ion is generally furnished by some artist of more etilighig 
than his neighboufs, who has the spirit to deviate fronil) 
niles ; and thus becomes (not unfrequently with some per- 
^ irifice) a model for the imitation of others, and an it 
■lefattor of mankind. 
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I Many otiipr cltemical I'-tn might he * ii tune rat? r) : but enouah, I | 
ftrii*!, has been said, to evince the eonnesion between |irBcticd\ 1 
^kill anil Cie possession of scientific knowledt^. 1 shall now pri*- 
KiCi'tl til (leveloije the piaiti, on which the following course of in- 
fetruction wHI be eondutfrd. 

r There are two metlind-i of delivering Ihe general il'jcirines of 
KHemisti'y, and ihe facts connected with tliem. The one consists 
En a hiist'incal detail of the gradual propiress of the science ; an^ 
Kn pursuing this plan, we fnilow tlie natural progress of the hit- J 
Euan mind, ascending from particular facts to t)ie establishment jf' 
^g^neral truths. But a Strang objection to its adaption is, that we 
ElW thus led into a minuteness of detail, which is ill suited to 
Btbe plan of elemeniarj inHtrnction, In the other mode of arrange- 
Enent, we neglect wholly the order of time in which facts were 
Giacorered, and class them under general divisions so framed as 
Ro assist the mind in apprehending and retaining the almost in- 
Binite variety of particular truths. 

^ ,ln a classification of the objects of chemistry, we may either 
^te^n with those substances, wliicK are deemed to be simple, and 
Kiptceed gradually to the more complicated: — or we may take 
Bodies, as they arc usually presented to us, and arrange them ac- 
Ktndingto the resemblances of their external characters ; making 
Khe development of their composition a subordinate part of the 
K>Un. To the former, or synthetic method, there is this strong ob- 
BecHoiii — that as we are probably still very remote from a know- 
Hedge of the true elements of matter, it must be liable, in the pr^^- 
Bress of science, to fretjuent and fundamental changes. It has 
Keen found necessary, for example, in consequence of Sir H. Ila- 
B^S discoveries, to remove the lised alkalies and the earths from 
late class of simple to that of compound bodies. Besides, it may 
Ke urged, where are we to place those substances, which have h»- 
Rherto resisted all attempts at their analysis, and yet have a stiiking 
■reseinblance, in natural characters, to the bodies with which they 
Hare already associated ? For these reasons it appears to me, that 
Kfrne arrangement is preferable to another, on no other ground, than 
Wp.a it is belter adapted for communicating a knowledge of the suIh 
K^ist ; for all must be equally remote from that perfection, which 
Beaunot be considered as attained, till the science of chemiEtry 
Bshall nu longer be capable of improvement. 
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The oilier, which I have adopted as most rlj|;ib1p, id to cotni 
mence with those facts, which lead most direclly to the estallllt 
melit of genera! principles. Attraction or affinity, as tljc grti 
cause of all chemical changes, and as admitting of illustration 
phenomena that are sufficiently familiar, has a primary daim' 
consideralion. Next to that ufattracfion, the inlliieiice of Ilesfl 
over the forms and properties of bodies, is the most generally oJP 
served fact ; and as heat is a power, which is coni^tantly opposed! 
to that of affinity, there is the more propriety in contrasting th^ 
operation. With heat. Light also, as a repulsive agent, is M^ 
ijuently associated, and Electricity belongs to the same claM oH 
powers. But as the action of electricity consists, chiefly, iii'(rf» 
fecting the disunion of chemical compounds, I have removctlot 
from tliat place in the system, which seems nafurnlly to belong t(p| 
it. For before we can understand the general laws of electrocheJSl 
mical agency, it h necessary to know something of onygen and t4, 
few of the inflammable Iwdies; nor can the theory of the excita-^ 
tion of galvanic electricity be made at all intelligible, without thie'tl 
previous knowledge. •! 

The phenomena ofheat, and the laws deduced from tlicin, con- 
duct us naturally to the great source of tliat fluid, which will b«'^ 
traced to a class of bodies agreeing, in mechanical properties, witli i 
the air of our atmosphere, and called airs iir ^nses. These gases, ' 
we shall find, consis* partly of gravitating matter, and partly of*i| 
an extremely sntrtite fluid, which impresses on our organs the sen-tlj 
ftftiun of heat, and is called caloric^. When the ponderable in- i 
emiients, usually called the bases, of these gases, combine to- I 
gether, or with other hudies, caloric is given out, and newcoin-J 
^u.iitiiU arp generated. It is on the possession or absence of the I 
'<( ilucorn posing one of them, oxygen gas, that a compre*>1 
'« I'iion has been made of bodies into combustible and iit-. 
li. ilw view of tlie subject, comSusf ton necessarily I 
III' oxygen ; but the term has lately been ex- ' 
of energetic chemical combination, which ia j! 
! i.-it and light. With oxygen, ckloriiie. pos- ' 
■■I'i and close analogies, that it can only with ,. 
< iking with that clement, in the class of che^ 



c pnibubly, also, < 
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bicel Bgents, which have been called supporters of combustion, 

iiiR is also, euf itied to the same rank ; anil it is Air purposes 

onveuietice, and tvith the view of giving a mui-e cumplete his> 

- of it, that I have placed it in a difterent part of the wuik 

"he next division uf bodies, that claim our attention, includes 

»s«, which are formed eitlier by the mixture or uuion of the sim- 

gases or of their bases. Thus oxygen and nitrogen {!;ases com- 

s fttniospheric air; and hydi-ogen and osyKen, water. Nitrg- 

aod hydrogen, by their union, afford ainnionia: and with 

Quid the lixcd alkalies are naturally associated. The detail 

^ I>c-i>perties belonging to the alkalies and earths is, indeed, a ne- 

sary preliminary to that of the acids, the most important qua- 

'~ of which is, that tliey constitute, with tlie alkalies and earths, 

ive class of oeuti'aJ salts. The consideration of the ba- 

i of the alkalies and earths has been made to follow that of the 

dies tliemselves, because these bases are the products vf refined 

t complicated operations, which could scarcely have been other- 

e understood. The Used alkalies, also, precede the volatile 

5s, on account of the singular effects of potassium on ammonia. 

tie next class of compounds is that of Acids. With each of 

iSQ 1 have connected the history of its base, when known ; for 

''several of these bodies have already lost, and others appear like> 

» lose, their title to be considered as elementary, it becomes 

•eiy a question of convenience \viiere they should be placed. 

eating of the acids, their relation will be traced totliosebn- 

» only whicli have already been described ; for it would be uu-, 

lionuble to detail tlieir action on metals, till that class of s 

s been specifically discussed. 

ing dismissed the consideration of such elementery boi 

distinguished by affording acids when combined with 

f the properties of acids thus generated, and of tlie c 

.b-^fTorded by the union of acids with alkalies; an imporCa 

num of elementary substances will next claim our attention, 

^•the Metals. 

i class of bodies, it is usual to introduce at a much earlier 
■od: but I have adopted a different order, from the considera- 
, that, with the previous knowledge of the constitution and 
uitics of acids, the history of the metals may be made niu 
BOmplcte; and, especially, that all the various modes a 
Vol. !— D 
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phenomena of their combinalion v/iih oyxgen and chlorine may be 
more distinctly explained. The more complex productions of the 
vegetable and animal kingdoms will be the last step in our prcH 
gress through the chemical arrangement of bodies; and the 
concluding part of the work will be occupied with practical rules, 
derived from the facts and principles explained in the course of 
it, and applicable to the solving of various interesting problems 
in chemical analysis* 



ELEMENTS 



EXPERIMENTAL CHEMISTRY. 



CHAPTER I. 



\ CHEMtOAL LABORATORY A 



A CHEMICAL laboratory, though estremely useful, and even e) 
lential, to all who embark extensively in tJie practice of chemistry 
either as an art, or as a branch of liberal knowledge, is by no meai 
required for the performance of those simple e^eriments, whidb 
~ roish the evidence of the fundamental truth oi the science. A 
jm that 13 well lighted, easily ventilated, and destitute of any 
luable furniture, is all that is idisolutely necessary for the purpose. 
is even adviseable, that the construction of a regular laboratory 
ibould be deferred, till the atudent has made some procresa in the 
loence ; for he will then be better qualified to accommodate its plan 
S his own peculiar views and convenience. 

It is scarcely possible to offer the plan of a laboratory, which 
" Tl be suitable to every person, and to all situations ; or to suggest 
rthing more than a few rules that should be generally observed. 
%rent apartments are req^uired for the various classes of che- 
ul operations. The principal one may be on the ground'floor ; 
sntT'^ve feet long, fourteen or sixteen wide, ana open to the 
if, m which there should be contrivances for allowing the occs' 
MOnal escape of sufibcating vapours. This will be destined chiefly 
En containing furnaces, both nxed and portable. It should be am- 
ity fiimisiieir with shelves and drawers, and with a large table in 
'Lecentre, the best form of which is that of adouble cross. Anothec 
^rtment may be appropriated to the minuter operations of che- 
nistry ; such as those of precipitation on a small scale, the processes. 
"^i require merely the heat of a lamp, and experiments on the 
tgeiB. In a third of smaller size, may be deposited accurate ba- 
Uices, and other instruments of considerable nicety, which would 
le injured by the acid fumes that are rons'tantly spread through a 
■jgratory. 

II 




and unglazed ware. For ordinary puqioees the former are to W 
preferred; but the uiiglazed should be employed when great acconcjr 
18 required, since the glaztne is acted oq by several chemical •»»* 
stances. Evaporating vesBcTs of glass, or porcelain, are gener^f 
bedded, up to their edge, in sand (see fig. 65 ;) but those of varnM 
metals are placed immediately over the naked fire. When the 
glass or porcelain vessel is very thin, and of small size, as a watc^ 
glass for example, it ma^ be held by means of a small prong, repre^ 
scnted under fig. 13 ; or it may be safely placed on the ling of &« 
brass stand, plate i. tig. 13, and the fiame of an Ai:gand'9 lamp, caB- 
tiously regulated, may be applied beneath it. A lamp tiius supporto 
ed, so as to be raised or lowered, at pleasure, on an upright pillait 
to which rings, of various diameters, are adapted, will be found ex^ 
trcmely useful ; and, when a strong heat is required, it is adviseable 
to employ a lamp, furniiihed witJi double concentric wicks. A lam^ 
for burning spirit of wine will, also, be found very conTeuient, espe^, 
dally if provided (as they now generalljr are) with a ^lass cap tO 
cover the wick when not in use, which, being fitted by grinding^ pre- 
vents the waste of the spirit by evaporation. 

IV. In the process of evaporatinn, the vapour for the most ptrt 
is allowed to escape; but of certain chemical processes, the colleo- 
tion of the volatile portion is tlie principal object. This proceBs IS 
termed DiSTiLLATioK. It is performed in vessels of various ton 
materials. The common still is so generally known, that a 
sentation of it in the plates was deemed unnecessary*. It consist] 
of a vessel, generally of copper, shaped like a tea-kettle, but withotf 
ifs spout and handle. Into the opening of this vessel, instead of 
common lid, a hollow moveable head is fised, which ends in a nn 
row, open pipe. This pipe is received into, another tube of lead, whtd 
is twisted spirally, and fixed in a wooden tub, so that it may be sQP 
rounded by cold water. (Fig. 40, dd.) When the apparatus is te I 
used, the liauid intended to be distilled is poured into the body 
the still, anu the head is fixed in its place, the pipe, which terrnin*^ 
it, bein^ received into the leaden worm. The liquid is raised into 
poui, which passes into the worm, is there condensed by the 
rounding cold water and flows out at the lower extremity. 

The common still, however, can only be employed fur voIatUizUi 
substances that do not act on copper, or other metals, and is. then 
fore, limited to very few operations. The vessel, fig, 2, is of glw 
or earthen ware, and is also intended for distillation. It is t«rmi 
an alembic, and consists of two parts; the body a for centring H 
■"Materials, and t!ie head b by which the vapour is condensed j U 
JAe c conveying it to a receiver. Veteels, termed retorts, howevi 
R more generally used. Fig. 1, a shows-Jhe common form, ai 
Ifc 13, a represents a stoppered, or tubulatecSretort Retorts a 
nde of glass, of earthen ware, or of metal. W^tNi a liquid is 
^jdded at distant intervals during the process, the bffltcontrivanc 
TOfl shown fig. 96, a, consisting of a bent tube, witli\funnel 

' See jUkin'3 Chem. Diet. pi. Ij, fig. 31. 



ilbe uppct' end. When the whole is introducetl at Urst,' it is done 
either tlirough the tubulure, or, if into a plain retort, through the 
^nnel, fig. 10. 

To the retoit, a receiver ia a necessary appendage ; and this may 
either be plain, fig. I, b, or tubulated, as sliown by the dotted lineK 
ate. To some receivers a pipe is added (fit 13,6,) which may enter 
partly into a bottle beneath. This vessel, uTtich is principally useful 
lor enabling as to lemove the distilled liquid, at different periods of 
tiie process, is termed a. qailltd receiver. For some pui'poses, it is 
expedient to bave the qudled part accurately ground to the neck of 
iite bottle, c, which would then be furnished with a tubulure, or se- 
ftaad neck, having a ground stopper, and should be provided, also, 
svith a bent tube, to be occasioaally applied, for conveying away any 
^ — es that may be produced. The condension of the vapour is 

i^facilitated, by lengthening the neck of the retort withanatfop- 
- (^- ^'•) the wider end of which slips over the retort neck, while 
its oarraw extremity is admitted into the moulii of the receiver. 
(See fig. 63.) 

Heat m.iy be applied to tlie retort in several modes. When the 
vessel is of earthen ware, and when the distilled substance reciuires 
a strong heat to raise it into vapour, the naked fire is applied, as 
shown fig. 63. Glass retorts are generally placed in heated sand 
(fig. 59); and, when of a small size, the flame of an Aland's lamp, 
cautiously regulated, may he conveniently used (fig. IS.) 

In several instances, the substance raised by distillation is partly 
acondensible liquid, and partly a gas, which is not condensed till 
it is brought into contact with water. To effect this double purpose, 
a scries o? receivers, termed fFowyc's JppnrnfMs, is employed. The 
^tet receiver {b, fig, SO) has a right-angled glass tube, open at both 

's, .fixed into lis tubulure; and the other extremity of the tube ia 
le to terminate beneath the surface of distilled water, contained, 

high as the horizontal dotted line, in the three-necked bottle c. 

<om another neck of this bottie, a second pipe proceeds, which 

1, like the first, under water, contained in a second bottle d. 

To the central neck a straight tube, open at both ends, is fixed, so 
-that its lower end may be a little beneath the surtace of the liquid. 
OftJiese bottles any number may be employed that is thought ne> 



The materials being introduced into the retort, the arrangement 
completed, and the joints secured in the manner to be presently 
uleacribed, the distillation is begun. The condensible vapour collects 
ia a liquid form in the balloon b, while the evolved gas passes throu|^ 
Mhe bent pipe, beneath the surface of the water in c, which continues 
to absorb it till saturated. When the water of tlie first bottle can 
absorb no more, the gas passes, uncondensed, through the second 
i.[^t angled tube, into the water of the second bottle, which, in its 
.turn, becomes saturated. Any gas that may be produced, which is 
not absorbable by water, escapes through the bent tube e. ~~ ' ~"'~ 
he collected, if necessary. 



Siippusin* the bottles to be destitute of the middle neckl. 
conaequentt^, wilhoul th^ perpendicular tubes, the process wo* 

liable to be interrupted by an accident i for if, in con§«|i 

diminished temperature, an absorpiiun or condensation «f^j 
take place, in tne retort a, and, of course, in the balloon 
necessarily ensue that the water of the bottles c and d would b 
ced, bj the pressure of theatmosphere, info the balloon, and] 
into the retort; but wiih the adrfitiun of the central tubes, a si 

quantity of air ruiahes tltrougli them to supply any accidenljtl vai 

This inconvenience, however, is still more conveniently obviate^ 
Welther'B tube of safety (fig, 31, ft,) which supersedes the enpedif 
of direonecked bottles, i'he apparatus being adjusted, as showi 
the figure, a small quantity of v;ater is poured into the funnel, i 
tu about half fill the ball ft. When any absorption happens, t' ' 
rises in the ball, till none remains in the tube, when a quai 
air immediately rushes in. Un the other hand, no gas can ^ 
because any pressure from within is instantly followed by tirt 

niation of a high column of lic|nid in the perpendicular part, \ 

resists the egress of gas. This ingenious invention I can recommend J 
from ample experience of its utility. i 

Very useful alterations in the conatnictton of Woulfe's apparatuaV 
have been contrived also by Mr. Pepys and Mr. Knight. That of^ 
the former is shown (f^. 52,) where the balloon b is surmounted bjr"' 
a vessel accurately ground to it, and furnished with a glass valvej^ 
resembling that amxed to Nooth's apparatus. This valve allowf ' ( 
gas to pass freely into tlic vessel c, but prevents the water which it *' 
confuns from falling into tlic balloon. Mr. Kni!!;ht's improvement ' 
is described, and represented in a plate, in the Philosophical Mags- ^ 
aine, vol. xs". 

When a volatile substance is submitted to distillation, it is b» -' 
ccssary to prevent the escape of the vapour through the ianctures tt^ 
tile vessels janil this is accomplished by the application of ll'tes. Tltgr^' 
most simple method of confining the vapour, it is obvious, would bef^ 
to connect the places of iunclure accurately together by grindingf.^ 
and accordingly the neck of the retort is sometimesground to the' 
mouth of the receiver. This, however, adds too much tu the expense*- , 
■f apparatus to be generally practised. 

When the distilled liquor has no corrosive property (such n»'-' ' 
w»tei', alcohol, ether, &c.) slips of moistened bladder, or of paper, or'* i 
'"—" I spread with flour paste, white of egg, or mucilage of gum ara- i 
" "jently answer the purpose. The substance which remainSi 
Te8StDg the oil from bitter almonds, and which is sold under - , 

of almond-meal, or powder, forms a useful lute, when mix^'* 
it consistency of glaziers' putty, with water or mucilage.' ' 

Bg»«lific»tion of this apparatus, by Dr. Murmy, is represented in 

■"■" ■ vol. iii. or in Miicray'sSystemof ChEinislrv, vol. i. pi. v. fig. 

n ukRiF plate exhibits a cheap and simple fbrm of this apps- 

ttllio \alv Dr. Hamilton, and depicted origiuallv in hislisns- ' 

- JV"" '*'"''' "K* M'- Burkitt's improvementoftluaappargWis 

n NicholHin'* JotuTuii, 4to. vol. v, 349. 



jr (^infilling the vapour of acitl. or hifrhly c 
J At lute is well adapted. It is furnntd by beating perfectly dry 'a.._ 
' £ael^ aifled totwcco pipe-clay, with painters* drjine oil, to aucli a 
J coDaistence that it may be moulded by tlie hanil. 'rhe . same clay, 
I Aeat up with as much satiil as it will bear, without losing its teuacity, 
I iritfi the additioQ of cut taw,ur of horse-dung, and aproperquautttj 
KOf water, furnishes a good lute, which has the advantage of resisting 
la considerable heat, and is applicable in cases where the fat lute 
^ W'ould be melted or destroyed. Various other lutes are recommen- 
ded by chemical writers; but the few that have been enumerated I 
fiad to be amply sufficient for every purpose. 

On some occosiona, it is necessary to protect the retort from too 
nidclen changes of temperature, by a proper coating. For glass re- 
^tts, a mixture of moist commoD clay, or loam, with sand, and cut 
■ its of tow or flax, may be employed. If the distillation lie per- 
i€id by a sand heat, tlie coating needs not be applied higher than 
part of tiie retort which is bedded in sand j but if the process be 
«*"rormed in a wind furnace (fig. 63j, the whole body of the retort, 
Q-d tJiatpart of the neck also which is exposed to heat, must be care- 
''ty coated. To this kind of distillation, however, earthen retorts 
' better adapted; and they may be covered with a compositiou 
"Anally recommended by Mr. Willis. Two ounces of borax are 
i dissolved in a pint of boiling water, and a sufficient i^uanttty of 
., _ d liroe added, to give it the thickncia of cream. This is to be 
Pplied by a painter's brush, and allowed to dry. Over this a thin 
^"1% is afterwards to be applied, formed of slaked lime and com- 
I Unseed-oil, well mixed and perfectly plastic. In a day or two 
- Coating will be sufficiently dry to allow the use of the retort, 
'^'orjoining together the parts of iron vessels, used in distillation, 
iLxture ol the finest (^hina clay, with solution of borax, is well 
ptsd. In all cases, the dilferent parts of any apparatus made of 
should be accurately fitted by borino; and grinding, and the 
"^ lute is to be applied to the part which is received into au 
nre. Tills will generally be sufficient without any exterior 
X»g; otherwise the fiite of clay, sand, and flax, already described, 
f Ee used. 
I every instance, where a lute or coatiiigiaapplled, it isadvisea- 
» allow it to dry before the distillation is begun ; and even the 
nte, by exposure to tlie air during one or two days after its ap- 
Ltian, is much improved in i[s quality. The clay ami sand lute 
* perfectly useless, except it be previously c|uite dry; In applying 
' *B, the part immediately over the juncture should swell outwards, 
U diameter should be gradually diminished on each side. 



Iffr J3. where the luting is 



gradually 



ilicd to the 



jmning 



of the 



Beside the apparatus already described, a variety of vessels and 
instruments are necessary, having little resemblance to each other, 
, :i&the purposes to which they are adapted. Glass vessels are reqiiii- 
' VoL.1— E 
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inqoiriea, very simiile mentis are s'lIRtieTit ; and some oft! 
intereMing chemical facin may be exhibited and e»eii asce 
witli the aid merelj of Florence tlasks, of cumnion TiaU, i 
wine classes. In converting tiicsc to iJie pmposes of ajppara^ 
consiaerable aavlng of expense will accrue to the espci'imu-'- 
and he will ajoid Uie encumbrance of various inatrumento, ti 
of which consists in show, ratlier than in real utility. 

In the selection uf espRrimeiits, I shall gencially choose e 
may be miderlakcn by persons not possessed of an extensive c 
cal apparatus. On some occasions, however, it may be Hecea 
in order to complete the series, that others should bo includ^ 
fluirinj;, for their performance, instruments of considerate n 
The same esperinient may, perhaps, in a few instances, be rr 
ediy introduced in illustrations of dilTereut principles . 
tUion will be avoided as much as possible. Each experiment « 
preceded by a brief enunciation iif the general trulli which i( 
tsnded to illustrate. 



CHAPTES 11. 



At.L bodies, composing the matcml system of tlie uiiivere^^ 
a mutual tendency to approach each other, whatsoever may be ''9 
distances at which they are placed. The operation of this force n 
tends to the remotest narta of tlie planetary system, and is one of tiiE^ 
causes that preserve the regularity of their orbits. The smaller bo— -" 
dies, also, tliat are under our more immediate observation, aie in— ■•^ 
flueuced by the same power, and fall to the Earth's surface i^ hen nftC^ 
prevented by the interference of other forces. From these facts, l|ie---1 
existence of a property has beeii inferred, which has been calleiT 
Attraction, or more specifically, the attraction of gravitation. Its 
oature is entirely unknown to us ; but some of its laws have be«K 
investigated, and successfully applied to the explanation of phenome- 
na. OT these, the most important are, that the furce of gravity acfl ^ 
on bodies directly in proportion to the iguantity of matter in eacluf r* 
and that it decreases in the reciprocal proportion of the squares ofil^ 
the distances. i^ 

From viewing bodies in the ag^n^ate, we may next proceed tiix2 
contemplate them as composed ol minute particles. Of the nottira^pl 
of these particles, we have no satisfactory evidence. It is probal^M^ 
""""ll they consist of solids, which are incapable of mechanical dtfh»2 
"* ' re still possessed of the dimensions of length, breadth, anft'^' 
In simple bodies, the particles must be all of the samA 

eneons. In compound bodies, we are to under- " ' 
I particles, the smallest pai'ts into which b 
i'_>without decomposition. The word atom hi 
41 denote both lliese kbuls of particle ; and 



re, spenh, with jiroprioty, of simple atonis axid' 

WheD two atoms of drfferentkiiida unite to fonn atliirdw 
nd atom, we may tei'ni ihe two first component atoms ; anA 
le have not been decomposed, they may l>e called elententarii 
' \ary atoms. 

atoras or particles of bodies are also influence'^ by the force 
Taction, but not unless when placed in apparent contact, 
a distinction has been made between ^'avitalion, aud that 
F attraction which is eftective only at insensible distances- 
latter hsA been called contiguous attraction or affinity; and 
>been distin^ished, as it is eserted between particles of mat- 
"'le same kind, or between particles of a differftiit kind. 

: affinity of aggregation the cohesive affinity, or more stm- 

^on, is to be understood that force or power, by wliiclk 

or atoras of matter of the same kind attract each other, tlie 

effect of this affinity being an agg;regate or mass. Thus a 

, of copper may be considered as composed of an infinite num- 

bei of minute particles or integrant parts, each of which has prccise- 

W the same [iroperties, as tlioise that belong to the whole mass. 

^ese are united by the force of cohesion. But if the copper be 

C-aiDbined with another metal (such aa zinc), we obtain a compound 

/brass), tlie constituent parts of which, copper and zinc, are com- 

Wned by the power of cnemical affinity.. In simple bodies, the re- 

" e, cohesion is the only force exerted between these particles. But 

~ ctompound bodies, we may distin^ish the force, with which tlie 

*>9n.j3onent atoms are united, from tfiat which the cowpmivd atoms 

*d^ towards each other; the former being united by chemical affiq- 

" and the latter bvthe cohesive attraction. 



Of Cuhesion, Solution, and Crystallization. 



I 



«Tie cohesive affinity is a propertj', which is common to a great 
**^fety of bodies. It is most strongly exerted in solids ; and in 
^^seit is proportionate to the mechanical force required for effec- 
t's their disunion. In liquids, it acts with considerably less ener- 
^ 3 and in aeriform bodies we have no evidence that it exists at all ; 
■^ their particles, as will afterwards be shown, are mutually repul- 
*«, and, if not held together by pressure, would prid>ably sepai-ate 
' ■ *«»mea8ureable distances. Its force is not only different among 
■Jerent bodies, but in various states of the same body. Thus in the 
*"esiDn of certain metals (steel for instance), important changes ar» 
'?'**liiced by the rate of cooling, by hammering, and by other mecha- 
'^^SJ operations. Water, also, in a solid state, has considerable co- 
'•jon, which is much diminished wh^n it becomes liquid, and is 
*1*rely destroyed when it is changed into vapour. 



The most important, view, in which the chemist lias lo cnnaidf* 
Cuheijion, is that of a force either con nferac tins iir tii oil living chenii? 
cal affinity ; for the more strongly the jiai licles of ai'j' bndj 
united by this power, the less are they ilisposH tu enter inli> ton .. 
nation with other budiea. hi many cases, a veiy pnx^erful aBin^ 

exiitling between Iwosubslaiices may b« rendered wholly ineSctCailj 

.... ... ,|^^[j .... .. .. , . 



by the strong cohesion of one or both of them. Hence it lias been lit 
ceived aa an axiom, that tlie offii)itu of eomposilian is inverseli/ 1 ' 
jmrtionatt tn the cahrsivp afinity. To the lanipiaste however in wl 



:impli« 

^nritry of proportion between the forces orculicsion and of cheajf 
calatlinity, which cannot Ik proved to esiist; since all tli&tcan Irll^ 
be aftirmed is, in general terms, that the afitJiity of compositioblf' 
less effective, as the attraction of cohesion is stronger. 

Tlie cohesion of bodies may be overcome, 1st, by mechanical ■>» 
erationB, a» by rapping, grinding, pulverising, and other modea^^ 
Vision which are generally employed as pretiminarv steps to clienw- 
cui processes. In some instances, even a minuter division of boduif 
is necessary, llian can be accomplished by mechanical means) nuh 
resuui-ce is then had to precipitation. Silica, for eiaiiiple. in tW 
state of rock crystal, may be buileil for a loiia time in liquid po(uht 
W'hout any appearance of chemical action. It may even be DnuwA 
t» the finest powder, without bein^ rendei'ed sensibly solulile. Hut 
«r\vtt firs' precipitated from a state of chemical solution, it is readiljr 
dissolved by that menstruum. 

Sdly. Cohesion may be contracted by heat, applied so as toi 
one or both of the t)odies, if fusible ; or to raise them into vaj 
if volatile. Lead and sulphur contract no union, till one «r 
uflliem is melted by heat. Arsenic and sulphur are united nM>st<£r 
fectually, by biinging them into contact, when both are in a state tt 
vapour. 

Sdly. Coheiiion mav be counteracted by sofu(/oi( ,- and this. if W 
general a condition of chemical union, that it was formerly recuT*^ 
is an axiom, that bodies do not net on each other, aidess onr. or M^ 
a'f in fl sJ(([f of soIvHdti j a principle, to which the progress of ohft* 
niical science has since discovered many exceptions. 

The term solution is applied to a very extensive class of ph« 
mena. When a solid disappears in a liquid, or when a solid hHW 
quill is taken up by an aeriform Iwdy, if the coroponnd exhibit ^li 
ftct transparency, we have, in each instance, an example of soluttC^^ 
The expression is applied, both to the act of combination, and toiS 
mmlt of the process. When common salt, such as is used in cod 
ery, is agitated with water, it disapjiears ; in otiier words, its ai 
timi takes place ; and we also term the liquid which is obUimi'i 
""'?■*('." -if' salt in u,'afer. This is one of the simplest cases tlistpi 
V, of the efficiency uf chemical affinity j for solulill^ 
result of an affinity between the fluid and the solid wUf 



lUfficient in force to overcome the cohesion of 
-J. ..J. I 111- affinity continues to act, until, at length, a certarn^pi , 
■•« AtUutied, where the affinity of the solid aud fluid for each ottfeer « 




reriialanced by the cohesion of Ibe solirl, anJ the aoinlion canno^ \ 
t carried farttipr. This point ia called saturation, and liie Raid it\>- 

s termed a satttrffted sotntinn, 
t With respect to common 'M, wiifer ac(|uir<>s nn increase of its 
irtvehtpowerby tlieaiiplicationof lieat. But there are various salts 
■■ ' " ' 'i water may be saturated at the commoii tedipera+ure of 

e atmosphere, and will ret be capable uf dissolving a still farther 
jfdaotity by an incfii^e of its temperature. Whena solution, thus 
gett with an additional quantity of salt, is allowed tn cool, the 

Eceitd portion of salt is deposited in a form resembling its original 

cer a salt from its solution, if its solubility does not vary 

litli the temperature of the solvent, as in the instance of common 

pit, it is necessary to espel a portion of the fluid by heat. This 

dilutes the process of evaporatinn. If the evapnratlun be rar- 

dion very slowly, so that the particles of the solid may approach 

sb other in the way best adapted to ihera, we obtain solid figures, 

JftB-rCHular shape, called crystals. The crystallization of a solid 

pay awo take place fi'om that state of fluidity which is produced by 

'iBit. Thus several of the metals crystalUze on cooling fiom a 

Hited state; and some volatile bodies, as arsenic, assume, ivlicn 

lensed from tlie state of vapour, the shape of regular crystals. 

PHh tile act of separating from the water in which they were dis- 

td, the crystals of almost all salts carry with thum a quantity of 

ex, which is essential to the regularity of their form, and cannot 

(tecxpelled without reducing them to shapeless masses. It is term- 

f^'titheir icofpr of eryitallUatiov. Its proportion varies in diflerent 

tts; in some it is extremely small; in others it constitutes the 

inc^l part of the salt, and is even so abundant, as to liquefy them 

H the application of heat, producing what is called the wnteryfti- 

iOR. The water of crystallization is retained also in different salts 

with very difftrent degrees of force. Some crystals, which lose their 

Tltteiy ingredient by mere exposure to the atmosphere, are said to 

"ioTtscf. Others, on the contrary, not only hold their water of 

ystatlizatioD very strongly, but even attract more; and on expo- 

Rinre tothe atmosphere, become liquid, or dellqulate. The propej tj 

^tMlf is called deliijuescfnee. 

When two salts are contained in the same solution, which vary in 
theirdegree of solubility, and which have no remarkable attractiuB 
for each other, they may be obtained separate. For, by carefully re- 
■ ducing the quantity of the solvent by evaporation, the salt who^ie 
MTticTes have the greatest cohesion, will crystallize first. If both 
«lta are more soluble in hot than in cold water, the crystals will 
t appear till tite liquid cools. But if one of them, like common 
>it, 18 equally soluble in hot and in cold water, crystals will ap- 
aar, even during the act of evaporation. In this way we may com- 
pletely sepiirate nitre from common salt, the crystals of the latter 
'■^Og formed during evaporation ; while those of nitre do not appeu'. 
1 Borne time after tlie fluid has cooled. .^M 



^BBSUDAl. AfFlKlTV, &C. 

how, irom varktions oftlic arrangement of the integrant mot fic^ 
B great variety oFseconiUry figures may be prmluced. Their e!t| 

atian, however, would involvn a minuteness of detail, nHos^ether 

Buitable to the purpose of this work ; and I refer therefore, for 
very perspicuous statement of tliem, to the first and ninth voluine^J 
of the Philosophical Magazine. ^~™ 



Of Chemical Jtffinity, and tin 



Actio 



nd Fheiiomeiiit of Chefl 



Chemical affinity, like the cohesive attraction, is efl'ective 
at insensible distances ; but it is distinguielied from the latter forc^ 
in being exerted between the particles or atoms of bodies of different,' 
kinds. The result of its action is not a mei-e aM;regate, having &9 
same properties as the separate parts, and nTfTering only by i'^ 
greater quantity or mass, but anew compound, in which the pro- 
perties of the components have either entirely or partly (lisappeare4i 
and in which new qualities are also apparent. The tombiuationa 
effected by chemical affinity are peimanent, and are deiitroyed onlf 
by the interference of a mure powerful force, either of the same uc 
of a diSerent kind. 

As a general exemplification of chemical action, we may assume 
that which fakes place between potash and sulphuric acid. In their 
separate state, each of these bodies is distinguished by striking pectt-; 
liarities of taste, and by other qualities. The alkali, on being a^de^ 
to blue vegetable infusions, changes their colour to green; and tSc, 
xcid turns them red. But if we add the one substance to the otherr 
very cautiously and in small quantities, examining the effect of each, 
addition, we shall at length attain a certain point, at which the liciuidl 
will possess ueitlier acid nor alkaline qualities; the taste will bfe 
converted into a bitter one; and the mixture will produce no eflfect. 
on blue vegetable colours. Here then, the qualities of the consti- 
tuent parts, or at least some of their most important ones, are des- 
troyed by combination. When opposing properties thus disappear^ 
the bodies combined have been said to saturate each other ; and 
the precise term, at which this takes place, has been called the poinf 
of saturation. It is adviseable, however, to restrict this expression 
to weaker combinations, where tliere is no remarkable alteration of 
qUiitities, as incases of solution: anilfoapply to those results of rnotQ 
energetic affinities, which are attended with loss of pro[)erties, tia^ 
term tw.utrtilixatian. '' 

At the same time that the propAi-ties of bodies disappear on conn 
bination, other new qualilies, boJi\\ sensible and chemical, are ac- 
quired ; and tlie affinities uf the cui^nponeuts for other substances bg- 

««„... ;„ .„.„„ „»,,„^ : ,j^ ij, fathers. diminished in enei^. Sul- 

f of t^sie, 9 



come in some case« increased, 
phur, for example, iadeatitiitf c 
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colours ; and oxygen gas is, in these respects, equally iuefficient. 
But the compound of sulphur and oxygen ts intensely acid ; the mi- 
ontest portion instantly reddens blue vegetable infu^ims ; and the 
■ 'i is disposed to enter into cumbination with a variety of bodies, 
which its components evinced no affinity. Facts of this kind suf- 
Bcieotly refute the opinion of the older chemists, that tlie properties 
if compounds are intermediate between those of their component 
ttrta; tor in instances like the foregoing the compound has 4|ualities, 
aota vestige of which can be traced to either uf its elements. 

}t is not, however, in all cases, that tlie change of properties 19 
10 distinct and appreciable by the senses, as in the instances whii:h 
IlKVe been Just now described. In some examples of chemical uni- 
pn, the change is scarcely perceptible to the eye or taste, when the 
chemist is nevertheless certain that combination must have token 
^ace. This occurs chiefly in the niisture of saline solutions with 
i#ach other, where a complete exchange of principles ensues, without 
Siny evident change of properties. Examples of this kind cannot, 
kowever, be understood, till tlie subject of complex affinity has been 
first elucidated. 

The existence of chemical affinity between any two bodies is in- 
ferred, therefore, from their entering into chemical combination; 
iLiid that this has happened, a change of properties maybe consider- 
id as a sufficient proof, even though the change may not be very 
Mmous, and may recjuire accurate examination to be perceived 
stall. 

* .^rhe proof, which establishes the nature of cliemical compounds, is 
BTtwo kinds, sipithesis and analysis. Synthesis consists in effect- 
'ng the chemical union of two or more bodies ; and analysis in se> 
^.rating them from each other, and exhibiting them in a scnarate 
Mate. When we have a compound of two or more ingredients, 
which are themselves compounded also, the separation of the com- 

nmdsfrom each other may be called ti\e proximate analysis of tlie 
^_ _jdyj and the farther separation of these compounds into their 
IriNKtt simple principles, its ultimate analysis, 'Inus the proximate 
^^ysis of sulphate of potash consists in resolving it into potash 
Atfd sulphuric acid ; and its ultimate analysis is ellecte<l by decam- 
pMbig the potash into pijtassium and oxygen, and the sulphuric acid 
-lat* OJtygen and sulphur. 

f When the analysis of any substance has been carried as far or 
i^d^slble, we arrive at' its most simple principles, or elements,hy 
which expression we are to understand, not a body that is ineapa- 
hle of further decomposition, but only one whicli /las not yet Seen 
decomposed. The progress of chemical science, for several cen- 
turies past, has consisted in carrying still farther the analysis of 
bodies, and in proving tiiose to be compounded, whicli had before 
been considered as elementary. 

Beside the alteration of properties, which usually accompanies 
f^cratcal action, there are certain other phenomena, which are ge- 
nerally observed to attend it. 

1st. In almost every instance of rhemira! union, the specifir i;va- 
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titff ofthe compound is greater (han might liavB been inferr 
that of hi coiiiponnnls ; and tliU is fnie both of weaker aat 
ener^tic rombi nations. When equal weights of water 
nhunc acid are made to coinliinc, tlio specihc cravily nf tliei 
lUg liquid is not the mean, but cnnitiderably greater tliE 

mean. The law extt-nds alitu to solids. But thoupli general, 

not univei-iial ; for in a very fcvi imitunces, cljicHy of uedfonA 
fluidsi condensation does not attend chemical union. And in tb« 
coinbinatiau uf metals with each other the reverse even takt^s place^ 
iiie compound being specifically lithter than might have been ex^ 
pected, from tlie specific gravity of its elements, and their propor- 
tion to each other. 

Sdly. When bodies combine chemically, it may be received as 9 
general fact, that tixe'tr tftnperature changes. Equal vicights of <nl 
of vitriol and water, both at the tempcmture of 50° of Puht, arft 
heated, by sudden mixture, to considerably above 319°. In other 
examples, a contrary effect takes place, and a dtrniiiislied temperA> 
ture, or, in other words, a production of cold, is observed. Tub is 
all (hat it is at present necessary to state on the subject, which will 
be more fully considered when we come to treat of caloric. 

Sdly. The/orms of bodies are often materially changed by che- 
mical combination. Two solida may, by their union, become fiuit^; 
or two fluids may become solid. Solids are also often changed in^ 
aeriform fluids; and, in many Instances, the union of two aire, or 

fuses, ia attended »ith their sudden conversion into the solid state. 
ly long exposure of quicksilver to a mo<lerale heat, we change it 
from a. brilliant liquid into a reddish scaly solid; and by headng 
tiiis solid in a retort, we obtain an aeriformrSaid, or e^s, in cousider- 
able quantity, and recover the quicltMlver in its original form. 

4tlily. Change af colour isa frequent, but not universal conconai- 
tant of chemical action. In some cases, brilliant colours are de^ 
Vtioyed, as when oxymuriatic acid is made toactonsolutionof indi- 
. E4. In other instances, two substances, which aie nearly colourleas, 
florm, by their union, a compound distinguished by beauty of colotira 
■8 when liquid potash is added to a very dilute syrup uf violet. 
Certain colours appear aim to belong essentially to chemical coniT, 
pounds, and to he characteristic of them. Thus 100 parts of quick* 
•iUfr, and 4 ofosygen, invariably give a black compound ; and the 
tttne quantity, with 8 parts of oxygen, a red compound. 
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iportions in which bodies eombiup ; and of the Jitomit 
Theorij. 



I S£aT.III. CHEMICAL AFMNITY, &C. 

I 1st. Soma bodies unite in all proportions; for example, water »ntl 
I sulphuric adiJ,oi' wateraiid alcuhoL 

I Siiiy. Oilier \iw\ies coniliine in all proportians, as far as a certain 
I pbiiit, beyunil wliicij, cuuibinution no toii|;er takes place. Thus 
I water will (.ike up successive portions of^common salt, until at 
I length it becumes incapable ot ilissolving anj mure. In cases of 
I tilU sort, as well as io thi)se included under the first head, com bina- 
I tionis weak and eaiiily destroyed, and the qualities which belonged 
I to the components in tlieir separate state continue to be apparent in 
I ttie compound, 

K*' Sdly. There are nianv examples in which bodies unitein onepra- 
I. portion only ; and tii all such cases the prugiorUon of the cleiiients 

■ Af a compound must be uniform for the species. Thus hydru^o 
I And onysen unite in an other proportions, than those constituting 
I prater, >^icli, by weight, are very nearly llj of the former to 88j 
I «f the latter, or t to 7^. In cases of Uiis sort, the combination id 
I igenerally energetic ; and the characteristic qualities of the conipo- 

■ Aenta are no longer ob^^ervable in the compound. 

r "(thly. Other bodies unit* in several proportions : but these pro- 
FlllD^tiDna are definite, and, ui the intermediate ones, no combination 
E ensues. Thus 100 parts by weight of charcoal combine with I325 
tvf Oiy^n, or with i65, but with no intermediate ([uantity; 100 
nNl^ *>^ manganese combine with 14 of oxygen, or with 2S, or will) 
|HSi or with 5G, and with those proportions only. 
BV"; Nsw it is remarkable, that wlien one body enters into combination 
^WHh another, in several dlSerent proportions, the numbers tndica- 
VtlD^the ^eater proportions are exact simple multiples of that de- 
fcnting the smallest proportion. In other woi'ds, if tiie smallest pro- 
■mirdun in which B cotntunes witli A, be denoted by 10, A may ciim- 
Utiite with twice 10 of B, or with three times 10, and so on ; but with 
HA^intermediatc quantities. Tliere cannot be a more striking in- 
nlutce of this law than that above mentioned, of tlie compounds of 
■btngaDese with nsygenj in which the oxygen of the three last com- 
HUbliafls may be observed tu be a multiplication of that of the first 
Pt14) by tlie numbers S, S, and 4. Examples, indeed, of this kind 
Huve, of late, NO much Increased in number, that the law of simple 
W|tlHit^les bids fair to become universal, with respect at least to cfic- 
MOtCal compounds, tlie proportions of which are (fefmite. 
^ ' F&cts of this kind are not only important in themselves, but also 
ftvn account of the generalizations tliat have been deduced from 
B^em i for on them Mr. Daltnn has founded what may be termed 
^le •Stomic Theory of tlie chemical Constitution of Bodies. 1111 
K^ia theory was proposed, we had no adequate explanation of the 
Miniformity of the proportions of chemical compounds; or of thena- 
rtiire of the cause which renders combination, in other proportions, 
■Impossible. In this place I shall ofter only a brief illustration of the 
Mienr; for in the course of the work I shall have occasion to apply 
Cjt to tiie explanation of a variety of phenomena. 
K Though we appear, when we efifect the chemical union of bodies, 
ho Operate on masses, yet it is consistent with tiie most rational 



view of ilic coustiuirion of bodies to believe, ihut it is only betw 
their ultimatK jiartkUs, or atoms, ihat cumbiiiation talieit place. , 
the term atoms, it lias been already slate^j, we are to underatan^ 
Binallest paits of whicb bodies are couipo»ed. An atain,thera 
must be mechanically indivisible, and ot course a fraction of an ^ 
cannot exist. Wlietlier the atoms of ditterentbodieabeof theW 
sixe.or of different ai'tes, we have nosufticlent evidence- Then 
bability is, tliat the atoms of difterent bodies are of unequal 9 
but it cannot be determined whether their sizes bear any re^ 
proportion to their weights. We are equally ignorant of M 
shape ; but it ia probable, though not essential to the theory, ^ 
they are spherical. This, however, requires a little qualificaj 
The atoms of all bodies probably consist of a solid corpuscle, fM 
ing a nucleus, and of an atmosphere of heat, by which that corpv 
w surrounded ; for absolute contact is never supposed to take p 
between the atoms of bodies. The fi^rcof a simple atom may^ 
dily, therefore, be conceived to be spherical. But in compc 
atoms, consisting of a single central atom, surrounded by a 
atoms of a dillerent kind, it is obvious that tlie tigure (con 
pluting the solid corpuscles only) cannot be spherical ; yet ifw 
dude the atmosphere of heat, tlie figure of a compound atom a 
spherical, or some shape approaching to a sphere. 

Taking for granted that combination takes place betiveeiu 
atoms of bodies only, Mr. Dalton has deduced, from the rdq 
weights in which bodies uniti^ the relative weights of tlieir ultui 
particles, or atoms. When only one combination of any twa' I 
menfary bodies e:[ists, he assumes, unless the contrary can be prritf 
that its elements are united atom to atom singly. CombinatioH 
tills sort he calls binrtrn. But if several compounds can be obta' 
from the same elements, they combine, he supposes, in pniporfi 
expressed by some simple multiple of tlie number of atoms. ' 
foUowing table exhibits a view of Some of these combinations : 

1 atom of A + 1 atom of B = 1 atom of C, binary. 

1 atom of A + 2 atoms of B = 1 atom of D, ternary.- 

2 atoms of A -)- 1 aiom of B ^ I atom of E, ternary. ^ 
1 atom of A + 3 aloms of B = 1 atom of F, qiiaternatg.^- 
S atoms of A + I atom of B = 1 atom of G, quaternary 

A different classification of atoms has been proposed by Berzeliiuu 
viz. into, Istly, elementary atoois ; Sndly, compound atoms, 
compoundatoms he divides again into three diAerent species, nai 
1st, atoms formed of only twoelementary substances united, or d 
jfinmdatovts of tkejirst order: Sdly, atoms composed of more fl 
■ *wo elementary substances; and these, as they are only fom 
Wganic bodies, or bodies obtained by the destruction of o ' 
matter, he calls organic atoms: 3dly, atoms formed by (Jie ui 
wo Or more compound atoms ; as for exatnple, the salts. Then 
ttlls compound atoms of the second order. 

If elementary atoms of different kinds were of tlie same size, tJie 
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greatest number of tlie atoms of A tliat could be combjneil with an 
atom of B would be 13 ; for tliis is the greatest number of sphericnl 
ibodies tliat can be arranged in contact wltli a sphere of the same di- 
ameter. But this equality nf size, thou^rh adopte«l by Berzelius, IS 
aiot necessary to the hypothesis of Mr. Dal ton; and is indeed, sup- 
])Osed by him not to exist. 

Va on Illustration of tlie mode in wliiqh the weight of the atoms of 

[ies is determined, let us suppose that any two elementary sub- 

IBtances, A and B, form a binary compounit ; and that they lia?e 

proved experimentally to unilc in the proportion, by weight, of 6 

of the former to 4 of the latter; then since according to the hy|io- 

"lesis, they unite particle to particle, those numbers wal express the 

dative weights of their atoms. But besides combiningatom to atom 

ugly, 1 atom of A may combine with 2 of B, or with 3, 4, &.c- Op 

atom of B may unite with 2 of A, or with 3, 4, &c. When such 

series of compounds exists, the relative proportion of their el^ 

inenta ought oocessarily, on analysis, to be proved to be S of .^ ti} 

4of B;or5 to (4 + 4 =) 8 ; or 5 to {4 + 4 + 4=) 12, &c.ior, 

contrariwise, 4 of B to 3 of A; or 4 to (5 + 5 =) 10; or 4 to (5 + 

5 + S =) !5. Between these there ouf^ht to be no intermediate coin* 

pounds; and the existence of any such (as 5 of A to 6 of B, or 4 

^ B to 7j of A} would, if clearly established, militate against the 

Inpo^esis. 

To verify these numbers, it may be proper to examine the combi- 
nations of A aiiit B with some third substance, for example, with C. 
X^t us suppose that A and C form a binary compound, in which an- 
alyus discovers 5 parts of A and 3 of C. Then, if C and B aret 
alse, capable of forming a binary compound, tlie relative proportiua 
of its elements ought to be 4 of B to 3 of C ; for these numbers (te« 
jBote the relative weights of their atoms. Now thia is precisely the 
method, by which Mr. Dalton lias deduced the relative weights of 
ory^n, hydrogen, and nitrogen ; the two first from the known com^ 
position of water, and the two last from the proportion of the ele* 
kneiits of ammonia. Extending the comparison to a variety of otiier 
liodieB, he has obtained a scale of the relative weights of their atoms. 
In several instances, additional evidence is acquired of the ac- 
curacy of the weight, assigned to an element, by our obtaining the 
same number from the investigation of several of its compounds. 
For example: 

i. In water, the hydroMn is to the oxygen aa 1 to 7-5. 

fi. In oUjiant gas, the hydrogen is to the carbon as 1 to 5-65. 
S, Id carbonic oxide the oxygen is to the carbon as 7-3 to 5-65, 

Whether, therefore, we determine tiie weight of the atom of car- 
bon, from the proportion in which it combines with hydrogen, or 
^pith oxye;en, we arrive at tiie same number 5-65; an agreement 
which as it occurs in various other instances, can scarcely be an 
accidental coincidence. In a similar manner, 7*5 is deducible, as 
jpepresenting the atom of oxygen, both from tlie combination of that 
Vol. I— G 



iMise witli hyilroEien and w'ltli carbon ; ainJ 1 is iiiferreil to be ll ,. 
lalive wei|i;ht of (lie atnin of liyilrogcn from tlie two |)i'iiiclpal J 
jHiunila into wbidi it ettteis. 4 

In seJecting fhe body, which should be nssumeil us ""i^Ta 
Dnlton has been iti(liicp<l li> fix on liyilrogL'n, because it is t{iat.j9 
which unites with uthera in tlic sina1lt;st pmportitm. Thus, in ^ 
we have 1 of hyilrogen by weight to "i of oxygen in amtuoniii;, 
hydrogen to 5 of nitroi;rnj in c^rburetted hyui-ogen, I «f Hydrtj 
fo 5'65 of cai'bon; and in sulpliureti^d liydro|re£, 1 of hydrfl " 
15 of sulphur. Tiikiiis; for granted that all tliese bodies are 
compounds, we have tBe following scale of nuinberSi expresac 
tile Dilative weights of the atoms of tlicir elements : 

Hydrogen 1 

Oxygen T-5 

Nitrogen ^■'i^ 

Carbon S'lJ' 

Sulphur 15-0 

Dra. WoUaston antl Thomson, an'l Professor Borxelius, i 
oth«r hand, have assumed oxygen as the decimal unii, 
a. view to facilitate the estimation of its numerous com 
Other bodies. This, perhaps, is to be regrttted, even 

change may be in some respects eligible, because it \i e ., 

aifabfe tiiat chemical writei-s shoulu employ un universal sta. 
of comparison for the weiglitsof the atoms of bodies. It is 
fcow ever, to reduce tlieir numbers to Mr. Dullon's by the r 
proportion. Thus aa 10 (the cumber of l)rs. Wollaston a ' " 
son for oxygen) is to 1-32 (their number of hydrogen) so vi 
13 r-d (Mr. UaJton's number fur oxygen) to I (his number t 
tlfo^en). 

Sir H. Davy has assumed, with Mr, Dal ton, the atom of hydi 
as unity; but that philosopher, and Berr.cliusalso, have modified 
theory, by talcing for granted tliat water is a compound of one 
portion (atom) of oxygen, and two propoitions (atoms) of bydrc 
This is founded on the fact, that two measures of hydrogen ga~ 
one of oxygen gas, are necessary to form xvater ; and on the s 
sltion, that eoual measures of different gases contain equal numbc 
of atoms. And as, in water, tlie hydrogen is to the oxygen by wi ' 
ss 1 to T'S, two atoms or volumes of hydrogen must, on this li 
diesis, weigh I, and one atom or volume of oxygen TS, ui '" 
note a single atom of hydrogen by 1, we must exjiress an atom] 
Qlj^n by 15. It is objectionable, however, to this tnndi&catioi 
tiw Atomic theory, that it contrndiels a fundamental propositia. 
iltr, Dalton, the consistency of which witli mechunical priuciplee 
hiu fully shown ; namely, that when one combination only of \ 
elements exists, as between oxygen and hydrogen, it must be pM 
lUed. unless tlie contrary can be proved, to be a binary one. 
Sjt i» easy to determine, in the manner olready cxpl^ned, 1 
I«(^« wei^ts of the atoms of two elementary bodies, which u^ 
OPly.ia Pne proportion. But when one body unites, in ditrereutd 



KorHons, with another, it is m^cessarj, in order to ascertain i^| 
Kf^ight or its ntum, that we should knuw the smallest proportioJ^BI 
Hrliich the former combines with the latter. Thus, if we have a bo^f ' 
Bi, too parts of which by weight combine with not less thnn 30 of 
nacfgen> the relative weight of its atom will be to that of oxygeu as 
BOO to 30 ; or, reduciag these numbers to their lowest teinis, as 25 
lb> 7'5; and the number 25 will, therefore, express the relative weight 
k»fthe atom of A. But if, in the progress of science, itahouldlie 
■bund, that 100 parts of A are capable of uniting with 15 parts of 
bsygen, then the relative weight of the atom of A must be doubled, 
Bbr, as 100 is to 15, so is 50 to 7'5. This example will serve to e.Tplaill 
mhe changes, that have been sometimes made, m assigning the weights 
■of the atoms of certain bodies; changes, which, it may be observed, 
■Jwavs consist either in a multiplication, or division, of the original 
nreignf, by some simple number. 

F There are (it must be acknowledged) a few cases, in which one 
Body combines with another in dift'erent proportions; and yet the 
kreater proportions are not multiples of the less, by any entire num- 
Ber> For example, we have two oxides of iron, the first of which 
fennsists of 100 iron and about 50 oxygen ; the second of 100 iron 
Kbtf about 45 oxygen. But the numbers SO and 45 are to each otlier 
pii I to I j. It will, however, render these numbers f 1 and I ij con- 
RBtent with the law of simple multiples, if we multiply each ot them 
kn^S, which will change them to 2 and 3; and if we suppose that 
Here is an oiide of iron [tliaun;h it has nnt yet been obtained expe* 
Hmentally), consisting of 100 iron and 15 oxygen; for the multipli- 
B&ti«n of this last number by 3 and 3, will then give ns the known 
^^des of iron. 

W. Ib'aome cases, where we have the apparent anomaly of I atom of 
mi6 substance, united witJi 1 J of another, it has been proposed, by 
pr. Thomson \ to remove the difliculty, by multiplying both nura- 
pi!^ by S; and by assuming that, in such compoands, we have 9. 
■ilKtiS of the one combined wish 3 atoms of the other. Such combi- 
MtHoiiB, it is ti-ue, are eiiceptions to a law deduced by Berzelhis; 
BMfc'in all inorganic compounds, one of ihe constituents is in tk$, 
Btffe of a single atonu But they are in no respect inconsistent with 
nti vi^^^ "f Mr.Dalton; and are, indeed, expressly admitted by 
^^ to be compatible with his hypothesis, as well as confirmed by 
Kftieriencet. Thus it will appear, in tlie sequel, that some of the com- 
kplinds of nitrogen W'itli oxygen are constituted in this way. 
■ ^Several objeclions have been proposed to the tiieory of Mr. Dal- 
HDlbut, of ihewe, t shall notice only the most important. 
W a It has been contended, tliat we have no evidence, when one 
■ol|nbiliBtion only of two elements exists, that it must be a binary 
Hej'^nd that we might equally well suppose it to be a compound 
VtWU Moms of the one body, with one atom of tlie other. In answer 
B-'lhidlobieclion, we may urge the probability that when two elc- 
Eentary bodies A and B unite, the most energetic combination wilt 
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be that in wMch one atom of A is combined with one atom of fi , 
an additional atom of B will introduce a new t'orcp, diminia] 
tlie attracliim of thuse elements for each otlier, namely.the n 
repulaiun of Hie atoms of B j and thia repulsion will be tlie g 
inpropui-tion^swe increase the number of the atoms of B. 

£dlv- It lias been said, Uiat, when more tiian one compoL. 
two vlements exist, we liave no prwif which of them is trie it 
compound, and which die ternary ; lor example, that we raiEli ' 
po»e carbonic acid to be a ciimpuund of an atom of charcoaft 
fttuin of Dicygen, and cartionic aside to be a compound of an a., 
osyi^n with two atoms of charcoal. To this objection, howevei 
S satisfactory answer, that such a constitution of carbonic tr'' 
carbonic Miue would be directly contradictory of a law of cl 
combination, namely, that it is attended, in most cases, with d 
crease of specific gravity. It would be absurd, therefore, to s 
carbonic acid, which is the heavier body, to be only uncecoinpo 
and carbonic oslde, which is the ligltter, to be twice conipoiiaj 
Moreover, it is universally observed, that of chemical compound^ 
moat simple are the most difficult to be decomposed ; anu this tt. 
tlie case with carbonic oxide, we may naturally suppose it to be fli 
gimple than carbonic acid. ■ 

Sdly. It has been remarked, that instead of supposing wata 
consist of an atom of oxygen united with an atom of^hydroge ' 
that the a'um of the former is T^ times heavier than that ot tl 
ter, we might, with ei]ual probability, conclude that, in wat 
have 7 j times more atoms, in number, of oxygen than of bydn) 

But this, if admitted, would involve the absurdity, that ii 

ture of hydivg^n and oxygen gases, so contrived that the i 
atoms of each should be in equal number, seven atoms of oxji 
should desert all tiie proximate atoms of hydrogen, in order to A 
with one at a distance, for which they must necessarily have i'. 
afliiuty. In this case, a leas force must overcome a greater; a 
finally, only a small number of the atoms of hydrogen wouloj 
engaged by the atoms of oxygen, the rest remaining in a state 
Iceedom. 

It would be claiming too much, however, for the theory of III 
IHllon, to assert that, in its present state, it is to be considered 
fully estalilished In all its details. In the further progress of H 
niical diiicovery, it is probable that it will receive considerable*^ 



llifications, and that the relative 
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in many cases, be essentially changed. The instances, in whic^ 
tlieury agrees with the result of analysis, are already too num^ 
toailow them tobe considered as accidental coincidences; 
l^enomena have hitherto been shown to be irreconcileable v 
nvpothesis. Its value and importance, if confirmed by the a 
Hun of new facts, will be scarcely less felt as a. guide to furthei 
ve&tig^tions into the constitution of bodies, than as a test mF 
srcuracy of our present knowledge; and the universality of 
appLicatioa to chemical phenomena will be scarcely interiqc 



I tliat of the law of gravilation in explaining the I'acts of natural phi- 
I'losophj''. 

1 A modification of the law of definite proportions, so far as res-' 
meets aeriform bod ies„ ha§ been proposed by Gay Lus sac, namely. 
Boiat diey combine in proportions determinable not by weight but by- 
nw/unu), the ratios being I measure of A to 1 of B, or 1 to 2, or 1 to 
B>^. Water, for example, results from the union of 2 Tolurae§ of 
B^llrogen with 1 volume of osygen ; muriate of ammonia from 1 vo- 
Httme nf muriatic, qcid gas -|- l of ammonia ; nitrous gas from 1 luea- 
femeof oxygen + I of nitrogen ; nitrous oside from 1 oxygen + 2 
nitrogen; nitrous acid from 2 oxygen + I nitrogen. In some in-' 
Pstances, as in that of water, this law h not inconsistent with the 
biomic theory ; but in other instances it cannot be reconciled With 
Wikt' relative weights assigned to the atoms of certain elementary bo- 
■diefl. In nitrous gas, for example, which Mr. Dalton conceives to be- 
Hr^rmed by the union of 1 atom of osygen + 1 atom of nitrogen, 
■equal volumes of those gases would give for the relative weights of 
■bsygen and nitrogen, numbers differing widely from tliose derived 
Wb^ other methods. The two hypotheses of atoms and of volumes 
^cannot, therefore, both be true ; and from some well ascertained 

■ exceptions to the latter, it appears to me that tlie theory of volumes 
mvH\ scarcely be found tenable. 

I 'Before dismissing the consideration of the proportions in which 
vboilies combine, it will be proper to notice a few general principles, 
Bl»Mch, though they are connected with the atomic theory, have been 
■derived from experience. 

■ '1. When we have ascertained the proportion in which any two or 
fcaofe bodies ABC &c. of one class neutralize another body X of a' 
^u&erNit class, it will be found that the same relative proportions of 
BfeB C &.C. will be retjuired to neutralize any other body of the same 
wins ms X. Thus, since 100 parts of real sulphuric acid, and 68 
HAtnitting fractions) of muriatic acid neutralize 118 of potash, an<I 
^pJBCe 100 of sulpliuric acid neutralize 71 of lime, we may infer that 
B^' of muriatic acid will neutralize the same quantity (7\) of lime. 
KThe great importance of this law will readily be perceived, not only 
Biff it enables us to anticipate, but also to correct, the results of an- 

■ ■lysis. 

B - Sdiy. If the quantities of two bodies, A and B, that are necessary 
Hto saturate a given weight of a third body X, be tMiresented bjq 
land r. these quantities maybe called equivalents. Thus, in the es- 

§lc above cited, 100 parts of sulphuric acid and 68 of muriatic 
, are equivalents of each other. A Table of Equivalfnfs, wWich 
nrill be found extremely useful in various calculations, will be given 
Kit the Appendix. By adapting a table of this sort to a moveable 
■scxle, on the principle of Gunter's sliding rule. Dr. WoIInston has 
■lately constructed an instrument, called the Logometric Scale of 

W * A perspicuous and able slatement of the atomic theory, pobJ^^b^^^H 

■ ^*. Bwart, in the sixth volume of Thomson's Aim»J^, *leBerjifg'j HuJt; jH 
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Chemical Equivnlpjifs, wliich is capable of solviusi;, uith j;roat fa- 
cility, a number of problems, in^erestini; both to the scientific and 
[>ractical chemist-^. 



SKCTIOX IV. 

Of Elective Jjjiniti/, 

An iinporlanr. lau* of affinity, which is the basis of almost all che- 
mical theory, is, tliat one body has not the same force of affinity to- 
wards a number of others, but attracts them unequally. Thus A 
will combine with Bin preference to C, even when these two bodies 
are presented to it under equally favourable circumstances. Or, 
when A is united with i\ the application of B will detach A from 
C, and we shall have a new compoHn<l consistinj^ of A and B, C be- 
in<5 set at libertv. Such cases ai e examples of what is termed in che- 
mistry s/m/y/f ilecowptfsitiofi, by wliich it is to be understood that a 
body Jicts upon a compound of two inujredionts, and unites with one 
of its constituents, leavini; the other at liberty. And as the forces 
of ailinitv of one body to a number of others varv, tiiis bodv has been 
metaphorically represented as makinijan election ; and the affinity 
has been called s'nt»:lp elective (tJ}iiiitf/> Thus, if to the muriate of 
lime, consisting; of lime and muriatic acii^ wo add potash, the muri- 
atic acid exerts a stron<:;er elective allinity for the potash than for 
the lime; and the lime falls down in the state of a powder, or is /;re- 
ripitated. Of facts of this kind a j;reat variety have been compre- 
hended in the fornj of tables, the first idea of which seems to have 
occiiiTed nearly a century aii;o, to Gei)llroy, a VVench chemist. The 
i.ulHiance, who^e allinities are to be expressed, is placed at the head 
of a column, ami is sepaiated from the rest by a h(»riz(mtal line. Be- 
neath this line are arranuied the bodies, with which it is capable of 
rombiniiii::, in the order of their respective forces of affinity; the 
substance which it attracts most stront^ly bein-j; placed nearest to it, 
and that, for which it has the least aflinlty, at the bottom of the co- 
lumn. The allinities of muriatic acid, for example, are exhibited by 
the foilo^^i^ix plan : — 

MIKIATIC ACID. 



aciu,., . . 



jiarytes, 

Potash, 

Soda, 

Lime, 

Ammonia, 

Maijnesia, 

&c. &c. 



iV '*••"' ■nsirinuont in:\\ bo had, with printed ins'r::' -.inr.^ for its use, of Mr- 
sppilcaaOii ■ . IX onjou ; and Its cost is so tri:li:)-,S tli-^t I consider a plate 
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jp (IfiCompositi on may be expressed alsoby another fofoi,!: 
]>,licrefiian. Thus, the f»iliiwin;: ttchcme illiistj*atcj tiit q 

n ufoiuriate ofmagnp^ia l)y putasli: — 
Mui'iate of Pol-iisli., 



Me ^ Muii 



c acid. Potiish. 

< Water at GU". 

esia. / Ma^m^sia. 

Magnesia. 

le original compound (muriate of magnesia) is placeil on tlic 

' 'e and to the left of llm vertical bracket. The included space 

wigiiial principles of the compound, and also the body 

^h ijs added to pi-oduce dec om portion. Above and bcluw the 

,^i9U>nta] lines are placed the results of their action. The point «f 

flower horizoutiil line being turned dou'n wards, denotes that the 

jfiesia falls down or is precipitated; and the upper line, being 

»:tly straight, shows, that the muriate of potash remains in so- 

B. If both the bodies had remained in solution, they would 

I have been placed above the upper line; or, if both bad been 

'mtated, benealli the lower one. [f either one or both had es- 

j,.i in u volatile form, this would have been espressed by placing 

p. volatilized tiuhstance above the diagram, and turning upwards 

^niiddle of the upper tiorizoiital line, liut since decompositiooi; 

' under dillerent circumstances, it is necessary to denote, by 

■tpivper addition to the scheme, that the bodies are dissolved in 

tar vf the temperature of 60°. 

$tfi chemical facts can appear, on first view, more simple or in- 
"(^le, than those width are explained by the operation of single 
jfjve affinity, it will be fuuau, however, on « more minute ex- 
mition, that tliis force, abstractedly considered, is only one of 
jBt»l. causes which are concerned in chemical deconipoititions,aiid 
{(Uaaction is modiiied, and sometimes even subverted, by coui^ 
i^og forces. 



SECTION T. 

) Of the Causes which modify the Action of Chemical Jffinity^ 

^f BE order of decomposition is not, as might be inferred from & 
(w of elective affinity, invariable ; but, in certain cases, may evfl 
K reversed. Thus though A may attract B more strongly tild 
'ther A or B is attracted by C, yet, under some circums^uces^ 
' be employed to decompose partially the compound A] 
'" "''•■ together A B and C, using the two first in tlwiin 
' ' ' lize each other, it »viU be founil l^jj 



nkms rcqnired to iteutrali 
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and B have not cotnbiaed to the exclusion of C, but lliat we hu 
comnound of B with A, and another of B witli C, in proporttg 
regulated by the quantities of A and C, which have been employe 
Facts of this kind have been lone known to chemista. It had fr* 
aBtertained, for example, before the time of Bergman, tliat aulpt 
of potash, a salt composed of sulphuric acid and potash, ia pK 
ilecomnounded by nitric acid, although the nitric has a weaken 
finity Uian the sulphuric acid for that alkali, Kxamples of the s 
kina have since neen multiplied by BertUollet. who has asse 
that in the fullowing, as well as iit otiicr cases, a substance pos] 
ina; a weuker atti-acUon, displaces another having a strongeri I 
tiiird body'' : 

1, Potash separates sulphuric acid from barytesi 

2. Liuie separates sulphuric acid frnnk potash. 
5, fotash separates oxalic acid from lime. 

4. Nitric acid separates lime from oxalic acid. 

5. Potash separates phosjihoric acid from lime> 

6. Potash separates carbonic acid from lime. 

7. Soda separates sulphuric acid from potash. 

These facts, and a variety of similar ones, are to be esptained^ 
cording to the views of Berthollct, on tile following principles 

1. When trto substances are opposed to each other with n 
to a third, as in the foregoing examples, they may be considered 
antagonist forces ;, and they share the third body between thenf) 
proportion to the intensity of their action. But this intensity; J 
conling to BerthoUet, depends not only on the energy of the aj^ 
ties, but on the quantities of the two bodies opposed to each otllj 
Hence a larse quantity of one of the substances may compensa" 
weaker affinity, and the reverse. To the absolute weight of a b. 
jnultiplied bj^ the degree of its allinity, he has given the nanb 
inaa, a term in some degree otijectionable from t£e different mc 
ing which is affixed to it in mechanical philosophy. As an illusf 
lion, let us suppose (what is not accurate in point of fact) that^ 
aflinity of barytes for muriatic acid is twice as stroneas that of J* 
ash, or that these affinities are respectively denoted ^y tlie n 
4 and 2. In this case, the same mass will result from 4 j 
tiarytes as from 8 of potash; because the same product (16) is^ 
Jftined in each instance, by multiplying the number indicating^ 
afiiiiily into that denoting the quantity; for 4 (the affini^ 
iiarytes) multiplied by 4, (the quantity assumed in ttiis example)^ 
jlf|Ual lo 16; and £ (the affinity of potash) multiplied by 8 (its qdflL 
iti^)isalso equal to IG. Intliis case, therefore, to divide equaltj 
foition of muriatic acid between barytes and potash, these b 
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1. sliould be employeil in tlie proportion of 2 of tlie former to 4 of tlie 
rUtter. 

I The influence, of riuantitj explains also the (lilliculty whicli h ob- 
Vttervetl in effecting, in any Instaace, the total ilecuinpoiitiori of a 
^compDund of two principles by means ofa third. The immediate 
reflect ofa third body C, when aililed to a compound A B, is to ub- 
rstract from B a portion of the substance \ ; and consequently a 
np*"^" of B is set at liberty, the attraction of which for A U op- 
Kwaed to that of Ihc uncombined part of C. The farther this de- 
ft' Oompogitioa is carried, the greater will be the proportion of B, 
■Much is brought into an uncombined state ; and the mure powerful- 
Kly will it oppose any farther tendency of C to detach the substance 
MA. At a certain point, the aHinities ofB andC for A willbeexact- 

■ It balanced, and the decomposition will proceed no farther. In a 
Bkw cases, it is acknowledged by Berthollet, a third body separates 

■ the whole of one of the principles of a compound ; but this he sup- 

■ poaea to happen in consequence of the agency of other extraneous 

■ nirces, the nature of which remnins to be pointed out 

K S6lj, Cohesion is a force, the influence of which over the chemical 
E union of bodies has already been explained in a former section ; and 
E other illustrations of its interference will be given, when we con- 
Laider the subject of the limitations to chemical combination. 
I Sdlr- Tnaolubiliti/ ia another force, which essentially modifles the 
L«xertion of affinity. It is to be considered, indeed, merely as the 
ft ^result of cohesion, with respect to tlie liquid in wbicEi the effect 
ft t^es place. 

C When a soluble substance and an insoluble one are presented, at 
ftjfhe same time, to a third, for which they have nearly an equal a£ni- 
miy, the soluble body is brought into the s|]here of action with great 
Eutvantages over its antagonist. Its cohesion at the outset is but lit- 
^»e, axdby solution is reduced almost to nothing; while that of the 
Bli|iaDluble body remains the same. The whole of the soluble sub> 
Kiftance also exerts its aflinity at once ; while a part only of the in- 
Ijftoluble one can oppose its force. Hence the soluble substance may 
ftjiFevail, and may attach to itself tlie a;reatest proportion of the third 
l^^pdyt even though it has a weaker aflinity than the insoluble one to 
K^e subject of combination. 

ft iDSolubility, however, under certain circumstances, is a force which. 
ft turns tiie balance in favour of the allinity of one body when oppo- 
l»ed to the affinity of another. For example, if to the soluble cum- 
ftppund, sulphate of soda, we add barytes, the new compound, sul- 
ftphate ofbarytes, ispi'ecipitated the instant it ia formed: and being re- 
ft inoved from the sphere of action the soda can exert no eflect upon it 
|. bj its greater quantity or mass. For the same reason when soda is 
I iidded to sulphate of barytes, the sulphate is protected from decum- 
I position both by its insolubility and by its cohesion, 
ft These factssu£ciently prove that the order ofprecipitation, whicli 
I tv^B formerly assumed as the basis of tables of elective aflinity, can 
u po longer be considered as an accurate measure of that force ; and 
that the body, which is precipitated, may in some ctwes, be superrar 
^_ Voj..I.~H 
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in affinitj lt> tlie one which lias caused precipitation. In tl 

A trifling superioiiy in affinity maj be more than counter-balf 

\>y the cohesive force, which causes insolubility. 

4thlj'. Great specific gravUy is a foree, which must c 
ineiolubility or cohesion in ori^iially impeding combination u 
when chemical union lias taken place, it must come in aid of | 
tf, by removing the new compound from the sphere of action. , 
Scarcely necessary to enlarge on the operatiou ofa force, i' 
of whicli roust be so obvious. 

Stilly. Mtasticitif. Cohesion, it has already been stated, t 
an impediment to combination ; and on the other hand it is p 
that the pnrticka of bodies may be separated so widely, as to 
moved out of the sphere of their mutual attraction. Such appc 
be the fact with regard to a class of bodies called airs or gases. 1 
BBS of several of these have powerful attractions for the bases of q1 
and for various liijuids, and yet they do not combine on simpli 
mixture, but strong mechanical pressure brings their particles* 
ciently near, to be within the influence of their mutual attrr 
and comhinatiun immediately endues. 

Again, if two bodies, one of which has an elastic and the 
»|uid form, be presented at the same time to a solid, for whi 
have both an allinity, the solid will unite with the liquid id 
ence to the s^as. Or if we add to the compound of an elastit 
stance wilh an inelastic one, a third body also inelastic, the t 
ter combine to the pxcluBiori of the elastic body. Forexampl 
iJie compound of potash and carbonic acid we add sulphuric ac 
latter acid, acting both by its ailinity and its quantity, disengf 
portion of carbonic acid. Tliis, by its elasticy, is removed fror 

3>here of action, and presents no obstacle to the farther opei ' 
le sulphuric acid. Hence, elastic bodies act only by their . 
wbereas liquids act both by their affinity and quantity conjoin 
though the affinity of the liquid, abstractedly considei'ed, ma 
fbrior to the affinity of the elastic body, yet, united with qua 
prevails. In the above instances, tlie whole of the clastic a 
DC GSpelled by the tiled add ; whereas it has already been (^ 
decomposition is incomplete, if the substance which is libe 
remain within the sphere of action. 

6lhly. Efflorescence is a circumstance which occasionally in 
ces the exertion of affinity ; but this is onlya very rare occur 
l^e simplest example of it is that of lime.and muriate of soda. 
« paste composed of these two substances with a great excess ol 
is expOHsd, in a moist stute, to the air, the lime, acting by if 
tiflf, disengages soda from tiie common salt which appears i 
fin-ia, on the outer surface of the paste, united with carbonic a.cii 
flOrtwd from tlie atmosphere. In this case, the soda, which is 
fed, being removed from contiguity with tiie interior part of tl 
/►reSMllano uhsfacle to the fartlier action of the lime, and 
imposition is carried fai'ther than it would have been, had n 
iWinovol happened. 

7UiIt. Tne influence o( temperature over chemical affinity is ex- 
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B mmplj eitensivG and important ; but at present a v«r^ genera] 
K lt»t«nient only of its ett'ects is required. In some cases an increaeed 
B temperature acts in promoting, and at others in impedins, cbemical 
m CemDination : and it materially afiects also tlic order of decompgsi- 

■ fisns. 

m An increased temperature promotes chemical union by diminish- 
BlMffnrovetcoming conesion. Thus metals unite by fusion, and sevtt- 
BniMltfi are more soluble in hot than in cold water. Whenever 
Vfaeat is an obstacle to combination, it produces its eSect by increas* 
Bil^ elasticity. Hence water absorbs a less proportion of gas at a 
Bhwi than at a low temperature. A reduction of the temfieralure 
BaTdaetic bodies, by lessening their elasticity, facilitates their union 
BVidi other substances. In certain cases, an inci-eased temperature 
Bliu die combined effects of diminishing cohesion and increasing 
wBlaaticity. When sulphur is exposed to oxygen gas, no combine 
I'dotl ensues, until the sulphur is heated ; and though the elasticity 
B^tf thegas is thus increased, yet the diminution of cohesion of tlie 
B^ii) i^ more than proportionate, and chemical union ensues be- 
Btween the two bodies. 
B 'Sthly, The efecCncal sto^B of bodies has a most important influ- 

■ «Dce over their chemical union. This, however, is a subject, of 
I 'which it would be difficult to oSer a general view, and for its full 
I development, 1 lefer to a subsequent chapter on Ekctro-che" 
I mislry, 

I Sthly. Meckanicttt pressure la another force, which lias consider- 
B^ls inUuence over chemical aflinity. With respect to solid bodies. 
Bits agency is not frequent ; but we have unequivocal examples of 
Mtt'fiperation in cases, where detonation is produced by concussion. 
^Pthe effects of pressure are chiefly manifested, in producing the com- 
ntoation of aeriform bodies either with solids, with liquids, or with 
HmA other ; and in preserving combinations, which have been al- 
Bfe^ Jy formed, under circumstances tending to disunite them, 
^^allc, for example, is a compound of lime and carbonic acid; and 
Mfefese bodies, by the simple application of an intense heat, are sepa> 
BmMc from each other ; but, under strong pressure, a heat may be 
Bodied sufficient to melt tiie chalk, without expelling the carbonic 
■iCid. It is this principle, (of the influence of pressure in opposing 
KAfeMical decomposition,) that is the foundation of Dr. Hutton's in- 
Baepious Theory of the Earth. 

^ Sach are the most important circumstances, tliat modify the ex- 
BtRtion of chemical affinity. Of their influence, sufficient illustra- 
Htioos have been given to prove, that inevery case of combination and 
H Mom position, we are not to consider the force of afSnity abstract- 
Bedly; but are to take into account the agency of other powers, 119 
kohesion, quantity, insolubility, elasticity, efliorescence, uid tem- 
BperKture. By the action of these extraueous powers, Berthotlet has 
nendeavoured to explain certain facta which are not easily understood 
ko any other principle. Of these, the most important are, Istly, the 
kstablishment of proportions in chemical compounds ; and 3dly, ths 
niilodificatioti produced In the affinities of bodies by chemical union. 
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ilun certain phenomena, wliich are wholly unintelli^ble on any 
itker. and especially those which have been referred to disposing 
^nUy. rhti action of sulphuret of potaHh, for esample, on oxyi^en 
jt.%, has been aBciibed to the (liBposing affiiiily of potash for gul- 
phuric acid. This, liowevci', is ascribing; an affinity to a compound, 
lefwe tliat cumpound han e^iistence. It is much more probable, that 
tefides the diininishing cohesion of the sulphur, the affinity of pot- 
mIi for OEygeQ has some share in pioduciog the combination. On 
his principle lite united aflinitjes of the potash and sulphur for oxy- 
peD (in other words ,ihe resulting affinities of tlie sulphuret of pot-- 
Igh) are the efficient causcH ofchemical union. This explanation, at 
cast, does not, like the theory of disposing affinities, involve an ab- 
lurdity. 

k-The theory of Berthollet, however, which promised, on its first 
levelopmen^ to form a new era in chemical philosophy, has lost 
Htch of its probability, by the subsequent progress of the science. 
It is directly, indeed, at variance with the doctrine of definite pro- 
lO^jioDs, which every day gathers strength by the accumulation of 
nw and well established tactu. It is liable, moreover, to the ful> 
pwing objections. 

. Ist. It has been shown by Professor Pfaff, of Riell*. that, in va- 
IfiOB cases, where two acids are brought into contact with one base; 
he base unites with one acid, to the entire exclusion of the other. 
ilV'hen, for example, to a given weight of lime, quantities of sulphu- 
jc and tartaric acids are put, either of which would exactly salu- 
ate the lime, the sulphuric acid unites with the lime, to the entire 
^luBiOD of the tartaric. The same evidence of a superior affinity 
kf tjie sulphuric acid over that of the oialic is obtained, by placing 
ilwae acids in contact with as much oxide of lead, as would exactly 
(tttli'ate either of them. Again, comparing the action of two bases 
01 one acid, the same law is found to hold good : for when potash 
ijnesia are mixed with just as much sulphuric acid, as is re- 
saturate either of them, the potash seizes the whole of the 
cid, an<J fi* P'^''* '^^ '* unites with the magnesia. Nor can these ef- 
Kts be explained by any of those extraneous forces, which Bcrthol- 
tt supposes, in all cases, to regulate chemical combination; or by 
Hr, principle, but a stronger aUiiity of sulphuric acid, than of tar- 
I^C or oi'^l'^ "■'^^^i ^'^'^ *^^ different bases ; and of potash, than of 
oenesia, for the same acid. 

^^j„ Some of tlie cases, before quoted from BerthoUet, to show 
' y^clprocal displacement of two bodies by each other from a thinl 
t hft» been justly observed), are examples, not of single elective af- 
■ which tliree bodies only are concerned ; but of complex 
which the attractions ol four bodies are brought iotoac- 
■^ in the first case, for example, there is reason to believe, that 
alliburic acid is displaced from barjtes, not by pure potash, but by 
Agh which has absorbed carbonic acid from the atmosphere. 
sdly. In other cases, the considei-ation of the affinities of two 
mdies A and B, for a third C, is complicated with this circuro- 

• rr Ann. de Chimi p. 259. 
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s(&nce, (hat the neutral compound of A and B has an afEuily _ 
fai'ther portioD of one of its ingredients. If then C be broiigfit I 
contact witli the coraponud A B, we have, acting at the aani«j| 
meat, the afGnitj of C for A, wliich partlj decumpoaeH the 
poand A 11 ; and the affinity of the undecomposed part of A S 
tliat portion of B which is set at liberty. For instance, when d 
ncid acts on sidphaie of potash, some nitrate of potash is forn 
and tlie aulphunc acid, which [ia set at liberty, uniting with th^J 
(lecomposea sulphate of potaah, composes a new salt, conaiBtlif 
sulphate of potash willi an excess of sulphuric acid. ^ 

4thly. It is a strong objection to the theory of Berthollet thrf 
some cases, decompositions happen, which, according to his VmI 
onght nut to take place ; and that in others, decompositions dgfl 
ensue, which tJic theory would have led us to have anticipated, j 

Sthly- The theory is objectionable, inasmuch as, in several! 
stances, properties are supposed to operate, before the bodies efl 
to which tliose properties are attributed, it is inconceiv^le;| 
instance, tiiat the cohesion, or insolubility of sulphate of bi _ 
can have any share in prnducini; the decomposition of sulpha 

Eutash by that earth ; for the insolubility of sulphate of barytea 
lye no agency, till diat compound Is formed ; w hich is the veij 
feet to be explained. 

Notwithstanding these objections to the theory ofBerthollet, if 
carried so far as has been dune by its author, in the explanatiiij 
chemical phenomena, it must still be admitted that the eitraaci 
forces, pointed out by that acute philosopher, have, great influof 
in modifying the effects of chemical af&nity. But these force? 1 
entitled only to be considered as secondary causes ; and not B3 I 
terminin^ combinations or decompositions, nor as regulating ttie JT 
portions in which bodies unite, independently of the superior k' 
of chemical affinity. 



Of the EsHmation of the Forces of ^ffitiHi/. 

The affinities of one body for a number of others are not aU] 
the same degree of force. This is all that the present state of jT 
knowledge authorises us to affirm ; for we are ignorant how 
.^y affinity of one body for anoUier is superior to that of a . 
~ determination of the precise forces of affinity would be anij 
in chemical philosophy : for its phenomena would tS_ 
calculation ; and we should be enabled to anticipa^ 
experiment. That the force of chemical affinity nuM 
ily great, is evident from its effect in preserving tjl 
m water wit^ some bodies (the alkalies for instsadjr 
to a violent heat; notwithstanding its great exuT 
though water is not essential to Qie constitutlcq 
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^^^^He observed orderoritccomposition, it has dreadjbeen stated, 

^^^^^Pp'ut enable us to assign the order of the forces oraOinity; be- 

•u^e, in all decompositions, other forces are coDcerned. We are, 

■ffierefore, obliged to seek some other method of determining the 

l^oblem. Of tiiese, several have been proposed. 

When the surface of one body is brought into confact with ano- 
tlter surface of the same kind, as when the smooth surfaces ofadivi- 
died leaden bullet are pressed together, they adhere by the force of 
Cohesion, theirparticles heing all of tke. saiue kind. But when the 
surfaces of dificreni bodies arc thus brought into apparent contact, 
i| is reasonable to suppose that tlielr adhesion arises from chemical 
^SUpitj, because theirparticles are oi different kinds. Guy ton pro- 
{(Dged, tlierefore, the comparative force, with which dilTereDt surfa- 
ces adhere, as a competent measure of chemical afiintty. His es- 
^riments were made on plates of diflferent metals, of precisely the 
same size and form, suspended by thetr centres from the arm of a. 
VDsible balance. The lower surfaces of these plates were succe»- 
wVefy brought into contact with mercury, whlcTi was changed for 
^h experiment, and the weight was observed, which it was neces- 
sary to add to the opposite scale, in order to detach the several me- 
tals. Those which required the largest weight were inferred to have 
the greatest affinitv; and it is remarkable that the order of affini- 
IjeS) as determined in tliis way, correspond with the affinities as a^- 
eirtained by otiier methods. The following were the rcsnlts ; 

Gold adhered to mercury (vifh a force of 446 grains- 
Silver 439 

Tin 41S 

Lead 097 

Bismuth - S'S. 

'■ Zinc 204 

Copper - - 142 

Antimony 126 

Iron ------- 115 

Cobalt 8 

This method, it must be obvious, is of too limited application to 
be of much utility; for few bodies have the mechanical condilions, 
i|riiich can enable us to subject tliem to such a test. How, for ei- 
jtnple, could the allJnities of acids for alkalies be examined on this 
^nciple ? It may be doubted, also, whether in the cases to whicfv 
n inay be applied, it does not measure the facility of combination, 
rkther than the actual force of affinity. 

Tb determine the absolute forces of affinitv, which one body e»- 
^rls towards a number of others, Mr. Kirwan lias proposed the quan- 
^kj of each which is required to produce neutralization, in otiiet 
— 'Snis, its BijuivaleiU. 'iliis he has ascertained by experiment in a 
^t variety of instances, a few of which are contained in the fol- 
ding tables ; tlie numbers being altered, to accommodate them to 
lilt discoveries. 



100 Puns of 

Tequirc for Neutrnli/Btion 

194 parts of barjtes. 
133 ... of strontites. 
118 ... of potaiih. 
78*2 . . of soda. 
TI ... of lime. 

. of magnesia. 
. of amonk. 



115 



of nitric acid 
93 of tartionic acid 
84-3 of sulplm " 
o8 of muriatic. 



43-2 , 



In judging of the affiuiliea of the same acid for different 1 
Mr. Kirwan assumed that they are represented by the numbetjil 
liicatiiig tlie quantities of each base required for neutraliu ' 
Thus, because 100 pails of sulphuric acid neutralize 194 of bai^ 
and 1 18 of potash, the affinity of the former is auperin 
the latter in the propoi-tioti of 194 to 118. So far the infep 
corresponds with the order of decomposition ; fur barytes takeS4 
phui'ic acid from potash. But if we examine the affinities of pfif|^ 
as represented in the second table, we shall find that, on this ■ 
ciple, they are directly contradictory to fact. Thus the affin^ 
■uljthuric acid should be inferior to that of the carbonic ; wl 
it is wel! known fliat the former displaces the latter from i_ 
combinations. Mr. Kirwan was, therefore, driven to the necesmM 
establishing a precisely opposite rule in determining the i ~ 
«f different acids for trie same base, and of assuming that tbej 
inivrsc/if proportionate to the affinity of the saturating acid. ^ 
the affinity of carbonic acid for potash would be represented bjS 
and that of sulphuric acid 93. This, however, involves a coatp 
tion ; since it is implied that a stronger aifinitT, in one 
t^uires agreater quantity of the saturating principle, as in than 
tion of barytes and potash to sulphuric acid ; and that, in the (H 
■t requires a less Quantity, as in tlie instance of the sulphur]c!3 
carbonic acids with respect to potash. J 

Since neutralization is an effect of chemical affinity, wtiicli f 
in all cases bear a proportion to its cause, it has been assuma 
BerthoUet, that the substance which, in the smallest quantityA^ 
tralizes anotlier, is the one possessing the strongest affinity. TJ 
'Bus principle the affinities of sulphuric acid for different basesij 
be eitnctly the reverse of Uie order established by Mr. Kirwan J4 
ta that order, which would have been assigned from observedf 
COluposItions. Thus ammonia will have a stronger affinity for J 
"' iric acid, than any of the substances which are placed abow 
'lie ; though it h separated, by each of these. froT 

g[i(i iJie extraneous forces, which have been enumerated i; 

^chemical affinity, tliat we arc to seek, according to ] 

t Ibo explanation of this apparent anomaly, and espef 

"*& itf cohesion and elasticity. The elasticity of amrti 

'■ tnriu Uie balance in lavour of maguofiia, Iima> 



ftThere is an obvious difiiculty, hotvi 
Kihcory. For as the elai^ticitj of 



r, in the appl'tcaUaD of tlie 
ia is suppressed by its com- 
Hoation uith sulphui'ic acid, ivhat, it may be aalced, but a saperior 
Kvffinity for sulphuric acid, existing in the substances which stu'id 
Vabove ammonia in the table, can occasion the first comineucem«-nt 
Bof decomposition? The problem, therefoi-e, of determining the ab- 
Mtute forces of allipity can scarcely be admitted to be solved. Even 
Jf it were, we should not be able to predict the order of decotnposi* 
■tiiMli unless the modifying forces of cohesion, elasticity, &c. could. 
Kbe at the same time subjected to precise admeasurement. Until 
Kbttth these objects are accomplished, the results of chemistry can in 
Wtiff case be obtained by cakulalion, but tlie science musi: remain ti 
K^lection of general princljile!:, derived from experiment ^d in-> 
Auction. 



SECTION VII. 

Of Complex Jffimty. 

■• Undbk the more general name of comp^e^ trffiniti/, Berthollet in- 

UAides that which has hitherto been considered as produced by lli& 

|Wdon of four affinities, and which has commonly been denominated 

HsuUe elective affinity. It frequently happens that the compound 

iTtwo principles cannot be destroyed either by a third er a fourth 

ieparately applied ; but if the third and fourth be combined, and 

STaced in contact with the former compound, a decomposition or a 

%U)ge of principles wilt ensue. Thus when lime water is added 

!& ft solution of the sulphate of soda, no decomposition happens, be- 

»itse the sulphuric acid attracts soda more strongly tlian it attracts 

If the muriatic acid be applied to the same compound, still 

A principles remain undisturbed, because the sulphuric acid at- 

tota soda more strongly than the muriatic. But if the lime and 

hinatic acid, previously combined, be mixed with tlie sulphate of 

"1,^ double decomposition is effected. The lime, quitting the mu- 

. ic acid, unites with the sulphuric ; and the soda, being separa- 

M ifrom the sulphuric acid, combines with the muriatic. These 

~ "inpositions are rendered more intelligible by the following di 

, contrived by Beigman. 

Muriate of Soda 



Idphate 
' of 
Soda 



Soda 


115 


Muriatic acid 


78 


). 


<; 104 


Suipbc 


acid n 


Lime 



Sulphate of Limp 



the outside of Ihe vertical biarkets are placed tlie o 
compounds ; and above and below the diagram, the new compat 
Tlie u^per line, beiog straight, indicates that the muiiate of sod 
mains in solution ; and the middle of the lower line, being dire 
duwnwnrds, that the sulphate of lime is precipitated. 

In all cases similar to the foregoing, Mr Kirwan conceive; 
ma^ trace the operation of two diBtinct series of affinitieg. _ _ ._ 
fiinties tending to preserve the original compounds [which id H 
bove esamjjle are those between sulphuric acid and soda, a ' 

I muriatic acid and lime), he terms the quicisi-ent affinities^ 
«aU9e Uiey resist anv change of composition. Oii the other haod^ 
affinities, which tend to disunite the original compounds and to if 
duce new ones [such asthoge between muriatic acid and soda,|l 
between sulphuric add and lime), he terms divelleiit tfffimtta.^ 
order that an effect nia; be produced, the divellentaJumtiesf 
necessarily be superior to the quiescent. Now assumii^^ 
numbers in Mr. Kirwao'b tables to express accurately the force* 
affinities, the double exchange of principles, which happens if( 
>re'ceding instaoce, is readily explained. Thus the quiescent it 
Qes are 

Those of lime to muriatic acid=104 
of soda (osulphuric acids: rs 



"Hie divellent affinities, opposed to these consist of 
The affinity of soda to muriatic acid=l 15 
lime to sulphuric acid=> n 



^^ irijcinal compound, therefore, is preserved by a foi 

but to l»Z. and tlie tendencies to produce new compuur 
[wescntedby tilt number 1B6. Ttie divellent affinities are, lliereft 
sredominant. 

;^The theory of quiescent and divellent affinities, however, tl« 
"'"■"Iv attractive from its siiaplicitj. and from the facility i 
in it solves certain phenomena, ia completely defective iafl 
lonation of others. For example, sulphate of potash is de«C 
' by luiiriate of barylcs. Vet. estimating iu the above maid 
ut and divellent aflinities, an. exchange of pnncid 
apt to ensue. The affinities tending to preserve the origi' 
■■""' ""' Ihoseof sulphuricacidfor potash=118,aiidof nv^ 
, ;e8=285. The divellent afGnities are that of |i 
potaah=l"4 + that of sulphuric acid fur baqp 
■■'-icent affinities then are 118 + -265 = WS.^ 
368. This leaves a balance of 35 i; 
,es ; and yet decomposition ensues, wM 
brought into contact. 




I It must be acknowledged that the immbere, assumed by Mr.Kir- 
rn^an, do not correspond with tlie actual forces of aflinity. But even 
Ea tlifey are taken according to the pnnciple assumed by BerthuDet, 
Hhey wilt not be found universally applicable. The reason of this 
USj that the phenomena produced by complex affinity, like those oc- 
n«sioiLed by simple atGnity, are materially intlucnced by the extra- 
neous forces of cohesion, quantity, elasticity, temperature, &c. The 
nf|cct of quantity is shown by the fact, that if two salts be mixed 
nAgethdr in certiin proportions, decomposition will ensue, but not 
uf mixed in other proportions. Thus from the mingled solutions of 
Kwo parts of muriate of lime and one of nitrate of potash, we obtain 
Rnunate of pofasli j but not from equal weights of tlie two salts. In- 
■Hlubility, or precipitation, has also a considerable influence on the 
E^Blilt. When this occurs, the in&uence of quantity is destroyed, 
ns.in the case of sulphate of potash and muriate of barytes. Elas- 
BDCit^i _and an increased temperature [which operates by increaaing 
Kuasticity), and the reverse of this, or a gi'eatly diminished tw)- 
rjierature, have also a powerful inBuence in promoting tlie action 
f of complex alSnities^ Thus of four principles, two of which are 
I volatile and two fixed, the two of which ai-e volatile will be dispiK 
Ised to unite, in preference to combining with eflther of thosewhick 
Bare fixed. The nature of the fluid, in which salts are dissolved, has 
talfiO an important influence on their tendency to mutual decompo- 
KsitioD*. Thus changes take place in the midst of an alcoholic me- 
P^um, which do not nappcu to tin; same bodies dissolved in watert. 
ft We have even instances, in which though a compound A B decom- 

■ poses another compound C D, A uniting with (!, and B with D, yet 
B (which could not have been expected d priori) the compound A C is 
uectiHDcally decomposed by D B, and the original compounds A B 
nutd C D arc regenerated|. Hence the phenomena of complex de- 
B^tfmposition concur with those of a more simple kind, iu proving 
Wlbat affinity is not an uniform force, but is materially influenced by 
BntloilB modifying circumstances; and that we cannot confidently 
Mteticipate results, from comparing the numeiical expressions Si 
K|cueBcent and divellent affinities. 

■ One great obstacle to the consti-uction of tables, capable of rfti 
HnvMnting the forces of afEnity, is thedifhculty of ascertaining, with. 
Bprecision, the quantities of bodies required for neutralization. Noir 
Kvi^Standiiig all the care employed by Mr. Ki r wan, considerable ej»- ^ 
Kws appear to have ci-ept into the results of his experiments. This 
^^rill suniciently appear, when they are examined by a test, original 
wy proposed by Guyton. It must be obvious that if belwiientwo 
Bvuts, whii:h are mixed together in solution, decomposition should 
■■•liSVe, and the mixture should afterwards be found neutral, the 
B^SSntily of acid, which has quitted one of the bases, must have been 
B^Etetly equivalent to tlte saturation of the otiier base, also deserted 
Btoj-'its acid. If, for example, we mingle the muriate of magnesia and 
Kniphate of soda, the mixture continues neutral ; and heiice it ful- 



gftce ; but if the stone be finely pulveiizetl, and then mingled with 
t. sciil, a violent action is ma.nireated, by the copiuus escape 
I of VBpours of Huoric acid. In the common arts of life, the rasping 
Ksnd grinding of wood and other aubstunces are ramiliur eiiami)le!>. 
I I IV. Hot liquids, generally speaJcinji, are more powerful soitTwfs 
Ittsn cold ones. — To four ounce-measures of water, at the tempera- 
ItelT of the atmosphere, add three ounces of sulphate of soila in 
nomler. Onij part of the salt will be dissolved, even after being 
ng^ted some time. Apply heat, and the whole of the salt will dia- 
Ba^pear. When the liquor cools, a portion of salt h ill separate ne;airi 
npa r^ular form or in crystals. This last appearance affords an in> 
^nnce of erysfalixation. 

I WTo this law, however, there are several exceptions ; for many salts, 
BIBODg which is muriate of swla, or common salt, are equally, or 
KjMriy equally, soluble in cold as in hot water. (See the table of 
Knlubility of salts in water, in the Appendix.) Hence, a hot, and 
Kvlunited solution of muriate of soda does not, like the sulphate, 
Bo^Kwit crystals on cooling. To obtain crystals of the muriate, and 
br the other salts which observe a similar law as to solubility, it is 
niecessaJT to evaporate a ))ortion of the water; and the salt will 
Him be deposited, even while the liquor remains hot In general, 
nie more slow the cooling, or evaporation, of saline solutions, the 
Bm^ and more re[!:ular are the crystals. 

K V, ^ tiery mmute division of botties is I'fffctpd by solution. — Dis- 
IjKrtve two grains of sulpliate of iron in a quart of water, and add 
K WW drops of this solution to a wine-glassful) of water, into which 
Eifew drops of tincture of galls have been fallen. The dilute infu- 
npAof galls will speedily assume a purplish hue. This shows that 
Bmy drop of the quart of water, in which llie sulphate of iron was 
Buolved, contains a notable portion of the salt. 
B yl. Same bodies dissolve much more Tundili/ mid copiously than , 
■A^rs.— Thus, an ounce measure of distilled water will dissolve 
^^.ita weight of sulphate of ammonia, one third its weigfit of sut- 
H^ of soda, one sisteenth uf sulphate of potash, and only one 
Kuittlidredth its weight of sulphate of lime. 

K^J]. J\Iechaaical agltntion facilitates solution. — Into a wine- 
ImgfitH of water, tinged blue with the infusion of litmus, let fall a 
^toU lump of solid tartaric acid. The add. If left at rest, even 
Muimt some hours, will only change to red that portion of the infu- 
m& which is in immediate contract with it. Stir the liquor, and . 
Hgffhole will immediately become red. ^^1 

^^ni. Bailii-s do not act on eaeti other, unless either one or f'OtkM^M 
wmj^.ttate of solution, or at least contain water. — 1. Mix some d^jH 
H^taric acid with dry bi-^arbonate of soda, and grind them toge^^S 
B,A mortar. No combination will ensue till water is added, which. 
Epting the part of a solvent, promotes the union of the acid and oi- 
kli, u appeai-s from a violent effervescence. It has been shuwh by 
Bink*. that the water of crystallizattun, existing in certain salts, acts 

* TIiomsDii's Aittiuls, vii. 42S. 



13 (ree water in ncf asionine; cliemicat action. For ciample, aceA 
of I rati andsulnliate of copper, both in cryslals, becntne giecn v'"' 
tO-iturated togettier, a. proof of tlie mutual decomposition of i 
■two salts,' 

a. Spread thinly, on a piece of tinfoil, three or four inches 
Bomc dry nitrate of copper*, and wrap it up. No efffect will' J 
.low. Unfold the tinfoil, and hai-ini; sprinkled the nifi-ate of c^^ 
.with the smallest possible (junutity of watpr, wrap the tiafu^ 
.again ai quickly as possible, pressiiia; down (he ed^i* closelr. 
Biderable heat, attended with fumes, will now l»e excited; a 
the experiment has been dextci'ou&ly nianas;frd, even lij^ht wtU^ 
evirived- This shows that nitrate of copper has no attiun otf'l 
.unless io a state of solution. 

IX. Bodies, even when in a stccte <if sululion, do not act oi 
atperceptibte distances ; in other words, contiguity inessential 1) 
i&Ction of chemical aflinity-^Thus, when two fluids of dil^ 
specific gt'avities, and which have, a strong affinity for each otherjfl 
'Separated by a thin stratum of a third, whicli eiierts no FcmarfilH 
action on either, no combination ensues between the uppernioslJlfl 
lowest stratum. Into a K\a&s jar, or deep ale glass, pour two nfl 
measures of a solution of subcarbonate of potash, contuniin 
that quantity, two drachms of common salt of tartar. Under'l 
introduce, very carefully, half an ounce-measure of water, hoM 
in solution a drachm of common salt ; and again, under both V 
two ounce-meaaurea of sulphuric acid, which has been diluted'^ 

n equal weight of water, and allowed to become cool. ■ The il 
iluction of a second and third liquid beneath tlie Rrst, is Itest eWet 
by filling with tlie liquid to be introduced, the dropping tube)! 
15. p\. u which may be done by the action of the mouth. Th^ 
gee 18 then pressed on the upper orifice of the tube ; and the fa 
orifice, being brought to the bottom of the vessel containing til 
^^d, ti\e finger is withdrawn, and the liquid descends from the ^ 
without mingling with the upper stratum. When a solution irf«| 
benate of potash is thus separated from diluted sulphuric acid,^ 
i which it has a powerful affinity, by the intervention ofathinBtrr* 
,tif brine, the two Huids will remain distinct and inefficient o 
Ather ; but on stirring the mixture, a violent etfervesceuce ens 
consequence of the action of the sulphuric acid on the potash. iM 

X. Two bodies, having no affinity for each other, unite by tT 

■ tirveation of a third. — Thus, the oil and water which, ' " 
^_mentI.,couId not, by agitation, be brought into nnion, unite imidi 
Mely on adding a solution of caustic pota^sh. The alkali, 
lie, acts as an i n term edi urn. The lact, indeed, admits of beingd 
jpned by the supposition, that tlie oil and alkali form in tlic firsq 
fttte, a compound which is soluble in wa(er. 
L^' *'*" ''"''o" '''^ neutralix^tion illustrated, — Water, 
pnng tnkeii up as much common salt as it can dissolve, is sal 
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ted witit salt. Muriatic acid, when it, has ceaseil to act ajjy 

KPn linic, \i said to bu neutridixnii, as is also the lime. 

HL T/je properties cfiarncterixhig bodies, when neparate, are 

¥\^stroi/ed by chemical combination, and new properties appear in 

tht) coifipouiirf.— 'i'hus, muriatic acid ami lime, which, in a separate 

r^bUe, have tacli a most corrosive taste, lose this entirely when mu- 

[£^7, Saturated; the compound is extremely soluble, though lime 

IS very difficult of solutioiij the acid no longer reddens syrup 

[!.V|oleta; nor does the lime change it, as before, to green. The 

imtting compound, also, muriate of liine, exhibits new properties- 

f. |iaa ail intensely bitter taste; is susceptible of u crys^tlized 

rm; and the crystals, when mixed with snow ot- ice, generate a 

Sgree of cold sufficient to freeze quicksilver. 

^ aJU- Single elective affinity Ulustrattd^—\. Add to the combl- 

Sttion of oil with alkali, turnied in Experiment X., a little diluted 

^^)baric acid. The acid will seize the alkali, and set the oil at li- 

jertTf. which will rise to tlie top. In this instance, the affinityof 

n^»li for acid is greater tlian tliat of alkali for oil. 3. To a dilute 

, Cplptiiiii of muriate of lime (prepared in Esperinient H.), add a Jit- 

wof the solution of pure potash. The potash will seize tlte murl- 

Vjl fttic ^id, and the lime will fall down, or be precipitated. 

' -,XlV, la every instance, in comparing the affinities of two bodien 

MS a third, a weaker affiniti/, in one of the two compared, will be 

^Wid to be compensated by increasing its giiantity,~~lt is nut easy 

jp 9ft«r clear atid unequivocal examplee of tliis law, and such as the 

■Student may submit to the test of experiment. The following, how* 

Brer, may illustrate tlie proposition sufficiently: Mingle together, in 

K, mortar, one part of muriate of soda (common salt] with half a part 

iF, red oxide of lead (litharge, or red lead), and add sufBcient water 

p torm a thin paste. The oxide of lead, on examining tlie mixture 

~wtwenty-four hours, will be found not to have detached the ninri' 

..cacid from the soda; for the strong taste of that alkali will not 

B.apparent. Increase tlie weight of the oxide of lead to three or 

"ir times that of the salt; and, after tlie same interval, the misturc 

UiCxhibit, by its taste, marks of uncombined soda. This proves, 

Athe larger <|uantity of the oxide must have detached a consider- 

■a^e portion of muriatic acid from the soda, though the oside has a 

Fweaker affinity fur that acid than the suda possesses. 

. Another illustration of the same general principle has been Bug- 
ftftsated by Berzelius. It is necessary to premise, that the colour of 
I Jb» compound of sulphuric acid with oxide of copper is blue, and 
I t^t of muriatic acid with the same oxide, green. I'o a saturated 
U^ution of sulphate of copper in water, add by degrees concen- 
Vitrated muriatic acid. Every addition will render the colour of the 
P liquid mure distinctly green, showmg an increased production of 
i miriate of copper ; the oxide of copper being divided between the 
L sulphuric aud muriatic acids, in proportion to the quantity of each 
LiKCid that is present. 

T XV. Doubk elective affinity exempUfii^d.~ln a watery solution 
I of sulphate of zinc, iramersi; a thin sheet of lead : the lead will ref 
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main unaltered, as also will the sulphate of zinc, because zinc at- 
tracts sulpliuric acid more strongly than lead. But let a solution ot 
acetate of lead be mixed with one of sulphate of zinc; the lead will 
then ^o over tn the sulphuric acid, while the zinc passes to the acetic. 
The sulpiiate of lead being insoluble, will fall down in the state of a 
\vhite powder; but the acetate of zinc will remain in solution. The 
chaiij2:es that occur in this experiment will be better understood froiiK 
the fuilowiug scheme : 

Acetate of Zinc 



Sulphate 

of 

Zinc. 



Zinc 



Acetic Acid 



Water 
at 60** 



Sulphc Acid Lead 



Acetate 

of 

Lead 



sr- ^ 

Sulphate of Lead. 

The vertical brackets include the oridnal compounds, viz, sul- 
phate of zinc, and acetate of lead ; and the horizontal line and 
bracket point out the new ones, viz. acetate of zinc and sulphate of 
lead. By the upper horizontal line, it is denoted, that the acetate 
of zinc remains in solution ; and, bj the point of the lower bracket 
being directed downwards, it is meant to express., that the sulphate 
oi'lead falls down, or is precipitated. 



CHAPTER IIL 



OF HEAT OR CALORIC. 



SECTION L 

General Ohservations on Heat. 

WHET^ we apply the hand to a body which is hotter than itself, 
we are sensible of a peculiar feeling, which we agree to call the 
sensation oflieat. At the same time we observe, in almost all bodies 
that are placed in the same situation with the hand, certain effects, 
the most remarkable of which is an enlargement of their dimensions* 
rhesc circumstances with very few exceptions, so constantly ar. 



N 



I..' 



V 



OF HEAT OB CALOSIC. 



mpany each other, that we can have 
"—■ "~ "■ — I to Doe and the s 



e little or do hesitation in re* 

Of the Diiiure of tliis 

e we have no satisfactory evidence ; and we are unable to de- 

liftistrate either that it consists in an^ general quality of bodies, or 

lat it resides in a distinct and peculiar kind of matter. The opt- 

Ipn, however, which best explains the plienomena.is that which as- 

nbes them to an extremelj subtile fluia,af so retined a nature, as to 

e enable of insinuating itself between the particles of the most 

e and solid bodies. To this fluid, as welt as to the sensation 

h it excites, the term heat was formerly applied. But there 

1 obvious improprietj in confounding, under one appellation, 

a thia^ so distinct as a sensation and its cause ; and the tern 

■ , first proposed by Lavoisier, is now, therefore, generally 

lopted to denote the cause of heat. Occasionally, however, in 

rder to avoid too freq^uent a repetition of the same word, the term 

sat is still employed in a more extensive sense, to express not onlj 

le sensation which it usually denotes, but also some of the inodil^- 

sations of caloric. 

Caloric, so far as its chemical agencies are concerned, may be 

ifly considered under two views-— as an antagonist to the cohesive 

action of bodies— r-and as concurring witli, and increasing elas- 

ty. By removing (he particles of any solid to a greater distance 

n each other, their cohesive attraction is diminished ; and one of 

6 principal impidinients to their union with other bodies is over- 

Un the other hand, caloric may be infused into bodies in 

h quantity, as not only to overcome cohesion, but to place their 

tictes beyond the sphere of chemical alGnity. Thas, in the class 

" ' itances, called wses, the ponderable in^edient, whether solid 

id, is dissolved in so much caloric, that in mechanical pro- 

the gases agree with the air of our atmosphere, especially in 

g; permanently elastic. DilTerent bodies of this class du not, in 

I, unite by simple mixture. But if, of two gases, we employ 

me or both in a state of great condensation, or compress their 

■ticles nearer to each other by any means, the gravitating matter 

h unites, and forms a neiv compound. Thus hydrogen and 

•^n gases remain together in a state of mixture, for any length 

e, without combining; but if we force their particles into a 

if contiguity, by sudden and violent mechanical pressure, they 

%uA compose water. Id many cases, also wheu two bodies are 

ined together, one of which is fixed, and the other becomes 

idc by union with caloric, we are able, by its interposition alone, 

Tect their disunion- Thus carbonate of lime gives up its car- 

c acid by the mere application of heat. 

fe may consider, then, all bodies in nature as subject to the ac- 
KOf two Opposite forces, the mutual attraction of tlieir particles 
I the one hand, and the repulsive power of caloric on the other ; 
l-boilies exist in the aniid, liquid, or elastic state, as one or tha 
r of these forces prevails. Water, by losing; caloric, has its co- 
ll BO much increa-ed, that it assumes the solid form of ice ; ad- 

dimiui^tk again its cohesion, and rem' 
-Vol. l^K. 
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finally, by a still Eartlicr adililion of calnric, we change \t 11 
prair, 'ami give it so much elaslicity.tbatit may lie rendered d, 
of bui'stin;j the strongest vessels. In innny lii'iiiitls, the tendd 
elasticily is eveu bo great, tliattliey pana to the gaseous foria'B 
mere removal gf the w eidit of the ntmosiiliere. 

Caluric, like all other Dodies, may exist in two ditTerent » 
a stalH uf freedom, anil in a state, either of combination or ofl 
thing nearly resenibitng it. In the former state, it is capabtw 
citing the &ensalion ufheat, and of producing expansion m 
bodies. To this niodilication the taruisfree oritncombined d 
or caloric of temperature, have been applied. By the t 
peraturc we are to understand the state of a body relativt 
power uf exciting the sensation of heat, and occasioning expi 
electa which, in all probability, bear a proportion totliequai. 
free caloric in a {;iven space, or in a given quantity of li 
Thus what we call a high temperature may be ascribed to ti 
sence of a large ([uantity of free caloric ; and a low tempera 
that of a smalf quantity. We are unacquainted, however, wS 
extremes of temperature ; and may compare it to a chain, oT^ 
a few of the middle links only are exposed to our observatjot 

The degree of espanslon produced by caloric, it will i 
appear, bears a sulticient proportion to its quantity, to aSt 
means of ascertaining the latter with tolerable accuracy^. 
timating temperature, indeed, our senses are extremely imp 
for we compare our sensations of heat, not with any fised or 4 
standard, but witli those sensations, of which we have had 1^ 
ately previous experience. The game portion of water i 
warm to a hand removed from contact with snow, anclfl 
another hand, which has been heated before the iire. To M 
therefore, any precise notion of temperature, wc are obliged ij 
scribe the degree of expansion produced in some one bodj.l 
has been previously a^^ed upon as a standard of comparison. 
Standard most commonlv employed is a quantity of quicksUve* 
tained in a glass ball, wnich terminates in a long narrow tuL 
instrument, called a t/iennoineter, is of the moat important ui 
(|uiring and recording our knowledge of the properties and ti 
caloric. The thermometer, however, it must lie ob\ious, is nol 
wise a measure of the quantity of caloric, than as it ascertain^ 
amount of one of its pnncipal ettectd. In this respect, it standi 
— IBuch the same predicament as the hygiometer, when considered ■J 
'""lean of determining the moisture of the atmosphere. This I 
^ment, it may be remembered, is composed ot some substftOfl 
tl as a hair or a piece of whip-cord) which is lengthened bJJ 
St atmosphei'e and contracted by a dry one ; and in a degree *r 
_ ^nu;ite (o the moisture or dryness. Bat all the informnt* 
tvhicli tin- liygrometer gives us, is tlie desree of moisture betiM 
>iii putnt^ that form tlie extremities ol its scale; and it is <jl)i& 
mpeicnt to measure the absolute quantity of watery vapou^ti 
■ the air. 
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t In explaining Ihose properties and laws of caloric, which have be- 
nw known to U9 by means of llie Uiermometer, it apneai-s a suffi?_ 
iody natural division of the autigectto describe, Utlj, those % 
tcta which caioi-ic produces, without losing its pvoperties of esd 
[ the sensation of heat and occasioning expansion : — and, %M 
»e agencies, in which its characteristic properties are deatroye 
i. HI which it ceases to be cognizable by our senses or by fl 
bemomoter. i 

\ l&e BXPANSiON or dilatation of bodies, it will appear, is alrad 
BiU^versal effect of an increase of temperature. Its amount, hcf 
xr, is not the same in all bodies, but differs very essentially. I 
e same increase of temperature, liquids expand more than soltfl 
dftcriform bodies more than either. Nor is the same quantitja 
ADBion effected in the same solid or liqaid, by adding simii 
Oltities of heat ; for, generally speaking, bodies expand by equal ' 
rements of caloric, more in hidi than in low temperatures. The 
planation of this Rict is, that the force opposing expansion fvix. 
esion] is diminished by the interposition of caloric between the 
larticles of bodies: and, therefore, when equal quantities of caloric 
Vftdded in succession, the last portions meet with less resistance to 
expansive force than tlie first. In gases, whicli are destitute 



if cohesion, equal increments of heat appea 



n the contrary, to be 



^nded with precisely equal augmentations of bulk. 

I JkJx important property of free caloiic, the knowledge of which has 

in acquired by means of the thermometer, is its tendency to an 

Kf^frrium. When a heated ball of iron is exposed to the open 

■ ""■B caloric, which is accumulated in it, flows out ; and its tcm- 

: is gradually reduced to that of the surrounding medium. 

ilis owing to two distinct causes; the air, immediately surrnund- 

Ifc^e ball, acquires part of the caloric which escapes ; and, having 

jtailk increased, is rendered specifically lighter and ascends. This 

racceeded by a cooler and heavier portion of air from above, which, 

^its turn, is expanded and carries off a second (quantity of caloric. 

piee a considerable part of the caloric, which is lost by a heated 

^, is conveyed away by the ambient air. But the refi-igeration 

^toll!)t be wholly esplaiued on this principle ; for it has been long 

i^Wnithat heated bodies cool, though with less celerHy, under the 

ckftusted receiver of an air pump, and even in a Torricellian va- 

^ When the phenomena accompanying the coolins; of bodies are ac- 

arately examined, it is found that a part of the caloric, which es- 

"t|iea, moves through the atmosphere with immeasurable velocity. 

I'M experiment of M. Pictct, no perceptible interval took place 

Bitween the time at which caloric guitted a heated body, and its re- 

iCpHon by a thermometer at the distance of sixty-nine fe^t. It ap- 

^ «ws also to move with equal ease in all direcliims, and not to be at 

tU impeded by a strong current of air meeting it ti'ansversely, 

tQqe It follows thut the propagation of caloric, in this state ofrapid 

wement, does not depend on any agency of the medium through 

uch it passes; a conclusion strengthened by the experiments of 



Sir K. Davy, who has shoivn that, in a receiver eshaiisted m 

the effect of lailiation is threr times givater than in an atiiu^| 
of the ontinary densit}'. Like light, neat appears tu be transtmj 
in narallel rays ; and it has, tiierefore, under this modificatiflotl 

called HADIANT CAI-OHIC. M 

rtie proportion of calojic, lost by a heated body, in these tin 
ferent ways, may be apprnxtmaled by observing what time it'4| 
tucool, througli the name number of degrees, in air and in 'Mfl 
By experiments of this kind. Dr. Franklin thought he had aMeflj 
edf that a body, which requires five minutes in vacuo, will cool ■■ 
through the same number t>r degrees, in two minutes. CountM 
ford's experiments with a Tnrricellian vacuum give the propea 
of 1 111 ^. It will, perhaps, not be very remoti? fmm the trutlfl 
be slated, in general terms. 'Kat one hulT of the'cdoric. lost'v 
heated body, escapes by radiation, and that the rest is carried M 
the ambient atmosphere. 4 

The radiation ot cnlonc appears to bear a proportion to the n 
tion of temperature of a body above thatof thesurroundii^iMtf| 
Hence in part it is, that a heated body, during refrigeratiORi '■ 
unequal quantities of caloric in equal times. The series appeM 
be pretty nearly a geometrical one. Thus, supposing the tenn 
ture of a body to be 1000 degrees above the surrounding medM 

In the first minute it will lose ^g of its heat or 9™ 

In the Kecnnd (s of the remainder =^511 

In tlie third t'b "f 10 = i 

This law of refiige ration, it is asserted by Dr. Delarochc, tiW 

yearly accurate at low temperatures, is far from being so at li>|^fl 

The movement of caloric by radiation occurs only in free -w 

or through transparent media. But caloric is capable, also offl 

ing tlirough dense and opaque bodies, tiiougli with prodigioualg 

paired velocity. Thus a long bar of iron, heated at one enfl 

quires considerable time to become hot at the othi^. This pr(H 

in bodies has been called their cosouctino power, and it exM 

different bodies, in very diBerent degrees. It is not, however, H 

to liear a proportion to any other quality of bodies. 1 

All the properties of caloric, which have been hitherto desctfl 

belong to it when in a free or uncumbined form ; for it continiM 

^oduce the sensation of heat and to expand the mercury iM 

^Oiueter. In the instances of its agency, also, that havfifl 

tfsned, no permanent change of form or of properties is e6U 

lyiodies wtiich have imbibed caloric. A bar of iron.after'H 

Tned by heat, returns on cooling to the same state as befoim 

Ja ail its former qualities. In certain cases, howevelvl 

Ubaorbed by bodies, with the Ices of its distinguishing piM 

^i^anthen be no longer discovered by our senses or bn 

_mieter: and it produces important and sometimes pcrmn 

^ je« in the bodies into which it enters. *% 

I J. . ^"^ effects of caloric, in the production of which it loSM 

[ tfistinguisijini; jfropertieS) may be classed under two general hejj 
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. I. tSll bodies, in passing from a denser to « rarer stale, absorb 
slvrie. — Tliuid solids, duriug liquefaction, imbibe a quantity of cat- 
ric, wliich ceases to be apparent to our senses or to the therniome- 
H- : or, as it has been termed, becomes latent. In a similar manner, 
itlids and liquids, during their conversion into vapours or gases, 
soderlatentaquantity of calorie, which is essential to the elasticity 
f tbe, new product. In comrnon lang;uage, cold is, in such cases, 
UiJ-to be produced ; but by tlie production of cold we are to under- 
baiidj in pliilnsophiral language, notbing more tlian the passage of 
doric from a free to a latent form. 

.lit ^U bodies, by an increase of density, evolve or give out cal- 
ric, which passes from a latent to a free state: — The simplest iU 
i9tfa.don 01 this law is in the efifect of hammering a piece of metal, 
'hich may thus be intensely heated, while all that is effected is an 
Itgnentation of its density. Liquids by becoming solids, or gases 
inversion into liquids, also, evolve caloric, or produce an in- 
e of temperature. A pound of water, condensed from steam, 
1 render 100 pounds of water at 50° warmer by 11°; whereas a 
:^,t)f boiling water will produce the same rise of temperature in 
■K than about 13j pounds. This is owing to the much greater 
ty of caloric, existing in a. pound of steam, than in a pound of 
water, though steam and boiling water affect the thermome- 
irecisely the same uegree. 

a question which has excited considerable interest among 
titers, whether caloric, when thus absorbed and rendered la- 
sers into chemical combination, or is merely united by the 
id of ties as that portion of caloric that produces the tempe- 
' bodies. Does ice, for example, when changed into water, 
hcmical union with caloric, similar to that which exists be- 
potash and sulphuric acid i Such appears to have been the 
100 of Dr. Black, who, by the powers of an original and well di- 
k1 genius, discovered the greater number of those facts that 
the groundwork of the theory of latent heat. The resemblance^ 
wever, net ween chemical union and (he disappearance of caloric, 
^, on first view, appears extremely striking, will be found, it 
Ujt be confessed, less close on a nearer examination. For caloric 
cfhe made to quit those bodies, into which it has entered with the 
V of its peculiar properties, merely by reducing their tempera- 
Xi whereas chemical combinations in general cannot be destroy- 
, except by the inteiference of more energetic aAinities. In op- 



tint 



uuuii Lu uie foregoing theory, tt has been contended that the ati- 
iptioD of caloric by Bodies is a conse<{Uence of what has been 
ifed & change of their capacity. Thus ice, it is supposed, in be- 
imina; water, has its capacity tor oaloric increased, and the absorp- 
on of caloric is a consequence of this increased capacity. This 
eory, however, is deficient, inasmuch as it fails to explain what is 
e cause of that change of form, which is assumed to account foe 
le increase of capacity. Notwithstanding this obvious objection, I 
ive retained the term capacity to express in the abstract, ihgt 
^wec by which bodies absorb and render latent diRerent quantities 
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of caloric; or the property of requiring more or. less caloric for 
raising their temperature an equal number of c]o;5rees. The ab- 
sorption of caloric, then, will always be owing to an increase, and 
its evolution to a decrease, of capacity. The use of these terms 
may be exemplified by a slight change of the perspicuous language 
of Dr. Crawford. " The capacity for containing caloric*," he ob- 
serves, "and the absolute caloric contained, are distinguished as a 
force from the subject upon which it operates. When we speak of 
the capacity, we mean a power inherent in the heated body ; when 
we speak of the absolute caloric, we mean an unknown principle, 
which is retained in the body by the possession of this power ; and 
when we speak of the temperature, we consider the unknown prin- 
ciple as producing certain effects upon the thermometer." 

As the capacities of bodies deteimine their absolute quantities of 
caloric, it seems reasonable to conclude, that if we can ascertain 
how much caloric a body absorbs or gives out in changing its form, 
and in what proportion its capacity is at the same time altered, we may 
deduce the absolute quantity of heat which it contains. Now it will 
be afterwards shown that the heat, evolved by water in freezing, is 
equal to 140° ; and the capacity of water has been stated to bear 
to that of ice the proportion of 10 to 9. Water, then, in becoming 
ice, must ^ve out ^]^ of its whole caloric, and as this amounts to 
140°, ten times 140 (or 1400°) is the whole quantity of caloric in 
water at the temperature of 32° : and deducting 140 from 1400, we 
have 1260° for the caloric contained in the ice itself. This method 
of determining the problem appears, however, to me, to be liable to 
several objections, which it would take up too much room to state 
in this place, and which I have elsewhere urged at considerable 
lengtht. 

These general observations I have deemed it necessary to make* 
with a view of connecting together the propositions respecting cal- 
oric, and the experiments illustrating them, that form the subject of 
the following sections. The inquiry respecting heat is one which 
presents a boundless field for interesting speculation ; and it would 
have been easy to have extended very considerably the discussion of 
its nature and properties. But in this work, 1 have no farther object 
than to lead the student, by easy steps, to a knowledge of what has 
been actually determined by experiment, or strictly and legitimately 
deduced from it. 

* Dr. C^a^\fo^d on Heat, p. 8. 

t Manchester Memoirs, v. ; or I'liil. Mag". 
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.SECTION II. 

Itlmlralions of Ihv Effects of Free Caloric. 



1 1. Caloric expands all bodie 



—The expansion of Uijuids is »)iowa 
it of ttie mercury of a Lheinuimeter, or by immersiag in hot wa- 
gtass mati'as3 (pi. i. lu;. 4}, filled up to a mark in tlie ueeb, 
h spirit of wine, tinged with any colouimg suhifance. T)ic spi- 
Axpandg immediately when heated, and would uverSow if not 
Bed in a cooler situation. The degree of espansion produced in 
t liquids, by similar elevations of temperature, varies verj' 
uderably. Thus water expands much more than mercurv. and 
Aol more than water. This difference of expansibility is even 
Sciently striking to appear in a remarkable degree, when wc im- 
, .we, in water heated to 150", three equal glass vessels of the ahape^ 
If.ttiermometer tubes containing, tlie one mercury, the other water,' 
i the third spirit of wine. The 'spirit will begin to escape from 
« aperture of the vessel, before the mercury lias ascended far ia 
e Btem". The expansion of aeriform bodies is shown, by holdinai, 
,r the &re, a bladder Riled with air, the neck ofwhich is closely tied, 
a to prevent the enclosed air from escaping. The bladder will 
a be fully distended, and may even be burst by continuing and - 
reasing the heat, AH aeriform bodies undergo the same' espan- 
liby the same additions of heat, or ^l, part of their bulk for each 
cee of Fahrenheit's thermometer, between the freezing and boil- 
lints. The expansion of so/iis is evinced, by heating a roi.'il 
1, of such a length as to he included, when cold, between t^'ch. 
Hits, and the diameter of which is suCh, as barely to allow it to pEg^i- 
. ^ n ring. When heated, it will have become sensibi;a- 

iKer; and it will be found incapable of passing through the ring>. 
a property of metals has been applied to the construcling of ai^. 
cumcnt fur measuring temperature, catted a. pi/rovieter, aneatg 
li ilistinct representation of which is given in the first volume oft 
fliemical Conversations ;" and also, by M. Brfeguet, to the form%s 
if a very sensible metallic thermometer t. to 

e degree of expansion is not the same for all solids, and evei 
s materially in substances of the same class. Thus the metaUk 
3d in the following order, the most expansible being placed first; 
1, lead, tin, copper, bisinutli, iron, steel, antimony, palladium, pla- 
inaj. 
' '1 the above Imtlies return again, on cooling, to their former di- 
»ons. 

. Cojtstrnction of tlie tkemiometer founded on the principle of 
'm, — The thermometer is an instrument of so much impor- 



■ See a table ofthe eipansiousof liQiudain tie Appendii. 
tAnti. de Chim, et. I'liys, y. 313. 
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tance, fliat it may b* expedient to eiplain tlie cons(mction of tl 
ferent kinds whiuli are rei|uire(l in chemical researcheji. 

Tlie instrument employed by Sanctario, to whom the inwiij 
itie tliormomuter is generally ascribed, was of a wry simplK f 
nieftsured variations of temperature by the vaiiabte exnansioi 
confined portion of air. To prepaid this iDstrument, a glass ti 
i.lig. djisto be provided, eighteen Inches long, open atone V 
blown into a ball at the other. On applying a warm hi 
ball, tlie included air e^ipands and a portion is eipelled tl _ 
open end of the tube. In this state, tlie apeiture is cjuickly it 
ill a cup IjUud with any coloured liquid, which ascends into tl 
as theair in the ball contracts by cooling. The instrament is n 
tmred. An increase of temperature forces the liquor down th 
And, on the contrary, tlie application of cold causes its ascent. 1 
liffects may be exhibited, I»jf alternately applying the hand to t) 
&nd then blowing on it witli a pair of bellows. By tlic ap 
. graduated scale, the amount of the expansion ma^ be □ 
I'he ball of the above instrument, it must be obvious, can 
veniently applied to measure the temperature of Hqi ' ' 
ailapting it to this purpose, a slight variation may be r 
construction, as represented fig. 9, a. To prepare this i 
a small spherical glass vessel is to be about one tith or l 
filled with any coloured liquid. The tube, open at both e 
then to t>e cemented into the neck, with its lower aperture b 
tlie surface of tiie fiuid. The expansion of the included a' 
the liquid up the stem, to which we may affix a graduated st 
responding with that of a common mercurial tnecmometer. 
bjodificationa have also been made by different plulosophe 
\ most useful and simple forms Is represented fig. 8, I 
WtB merely of a tube of very small bore, from 9 to IS inches i 
n one end of which is blown a ball, from half an inch to an inq 
diameter, which is. afterwards blackened by paint, or by the Bfl 
<f a candle. A small column of coloured liquid, about an ii 
l:ngth, is then introduced, by a manipulation similar to that al 
lescribed. To fit the instrument for use,- this column ougti 
tationary, about the middle of the tube, at the common temper 
t th« atmosphere. The slightest variation of temperature « 
tons the movement of the coloured liquid ; und a scale of 
parts measures the amount of the elTect. 

An insuperable objection, however, to the air thermometer, i 
constructed, is, that it is aft'ected, not only by changes of tci 
ture, but by variations of atmospheric pressure. Its utility ci 
in the great amount of the expansion of air, which, by a g^- 
vation of temperature, is increased in bulk above twenty tin 
tiinn mercury. Hence it is adapted to detect minute chan;^ 
temperature, which the mercurial thermometer would scare* 

An important modification of the iiir thermometer has been ii 
ted by Mr. Leslie, and employed by him, with grrat U'lvaiiuige, ii 
hjg interesting renearclies respecting lieat> To this iuiiti'uiiieut he 



Bbs ^ven the name of, thcDilferenlial Thcrmnmeter. Its conntnic- 
^poR is aa follows : " Tivo glass tubes of unequal lengtli, each termi- 
^natitie in a hollow ball, aua havine their bores somewhat widened at 
■he other ends (a small poi-tion of sdphuric acid, tinged (vith car- 
Hlitiei being introduced luto tiie ball of the longer tube), are joined 
^ttgether b; the flame of a blow-pipe, and afterwards bent nearlj in- 
■a the shape of the letter fJ (see fig. "1, the one flexure being made 
Bust below the joining, where the small cavity facilitates the adjust- 
Knent of the instrument. This, by a little dexterity, is performed, 
mtv ibrcing, with the heat of the hand, a few minute globules of air 
Erem tite one cavity into the other. The balls are blown as equal as 
nhe eye can judge, and from four lOths to seven loths of an inch di- 
ntineter. The tubes are such as are drawn for thermometers, only 
HWt^ wider bores ; that of the short one, to which the scale is affixed, 
naast have an esact calibre of a 50th, or a 60th, of an inch. The 
Bwre of the long tube need not be so regular, but should be visibly 
Diu¥;er, as the coloured liquid will tlien move quicker under any im- 
■Breeaion. Each lej; of tlie instrument is from three to six inches in 
■iKight, and the balls are from two to four inches apart. 
■■ " A msment's attention to the construction of this instrument will 
llBtiafyus, that it is affected only by the difference of heat in the cnr- 
KnBponding balls; and is calculated to measure such difference with 
naculiar nicety. As lojig as both balls are of the same temperature, 
Kwiatever this may be, the air contained in both will have the same 
n^tictty, and, consequontly, tlic intercluded coloured liquor, being 
BlTMsed equally in opposite directions, must remain stationary. But 
M&for instance, the ball which holds a portionof the liquor be wanti- 
Br than the other, the superior elasticity of the confined air will 
Wrive the liquid forwards, and make it rise, in the opposite brands 
Bb9ve tile zero, to an elevation proportional to the excess of elasti- 
K^y, or of heat." The amount of the effect is ascertained b^ a gra- 
BkllUed scale, the interval between freezing and boiling being dt»- 
K^guished into 100 equal degrees. This instrument, it must be ob- 
niinifl, cannot be applied to measure variations in the temperature 
nf the surrounding atmosphere, for the reason already assigned. It 
Bb peculiarly adapted to ascertain the difference of the temperatures 
Wpt two contiguous spots in the same atmosphere ; for example, to 
Klet«rmtne the heat in the focus of a reflector. 
I Thermometers, filled with spirit of wine (a liquid which has not 
■been congealed by any degree of cold hitherto produced), are best 
■aid^»ted to the measurement of very low temperatures, at which mer- 
■enr^ would freeze. The amount of the expansion of alcohol, also, 
■ithich excee<ls that of mercury above eight times, fits it for aacer^ 
■tiiDiae very slight variations of temperature. But it cannot be 
Bwpplied to measure high degrees of heat ; because the conversion 
HK the spirit into vapour would burst the instrument. 
I Hie fluid, best adapted forfilling thermometers, is mercury, which, 
Ithough it expands less in amount than air, or alcohol, still under- 
PgDCS this change to a siiflUcient decree ; and, in consequence of its 
I Vol.. I. — L. 



.sufficiently thin for the purpose. Tothis the flame oF the lamp must 
again be applied, turning it (luickly round ; and, on a eccotid ot' third 
Tepetition of the process of blowing, tke ball will be completely 
formed. The proportion of the size of the ball to the bure of the 
tube can onlj be learned by sorae experience. 

To fill the ball, wlrich has been thus formed, with mercury, the air 
inust first be expelled bj Iiolding it over the ftame of an Argand's 
laro|i, and then quickly immersins the open end 'of the tube in very 
-dean and dry quicksilver. As the liall cools the mercury will ascend, 
and will partly till it. Let a paper funnel be tied firmly over the 
open end of the tube ; into this pour a smalt portion of quicksilver, 

_lj i_ iL. 1 1 _f .L- I i_ ii._ 1.^11 * ;_5 i: 



xad apply the heat of the lamp to the ball. Any remaining portion 
^f air will thus be expelled ; and if the heat be raised so as to boil 
tlie mercury, the ball and stem will be filled with mecnrial vapour, 
Ibe condensation of which, on removing tlie ball from the lamp, will 
occasion a pretty complete vacuum. Into this vacuum, quicksilver 
will descend from the paper coae; and the inatruraent will be 
<completely filled- But for the purpose of a thermometer, it ia ne- 
t««BSary that the mercury should rise only to a certain height of the 
'■tero; and a few drops may, tlierefore, be expelled by cautiously 
^tplying the heat of the lamp. To estimate whetlier the proper 
quantity of quicksilver has been left in the instrument, immerse the 
&U firat in ice-cold water, and then in the mouth. The space between 
these two points will comprise 63 degrees, or pretty nearly one 
'third of the whale space between the freezing and bailing points 
4if water. If the empty part of the tube exceeds, in lengtli, about 
thiee times the portion thus filled by the expanded quicksilver, we 
nay proceed (when an instrument is wanted with a scale including 
j«lly from 33° to ai2°) to seal it hermetically : which ia done as fot 
,i(»ws : The part to be sealed is first heated with the blow-pipe, and 
jlrawn out to a fine capillary tube ; the bulb is then heated, till a few 
articles of quicksilver have fallen from the top of the tube: at 
.us moment, the flame of another candle is directed, by the blo\v- 
^pe, on the capillary part of the tube, the candle is withdrawn 
niro the ball, and tlie tube is sealed, at the instant when the mer- 
Wry begins to descend. If this operation has been skilfully per- 
mmed, so as to leave no air in the tube, the wliole of the tube lihould 
e filled with quicksilver on holding the instrument with the ball 
vroermost, 

[^ To have very large degreea, the ball must bear a considerable pro- 
. portion to the tube; buc this extent of scale cannot be obtained 
without sacnticing, in some measure, the sensibility of the insti'u- 
inent. The whole of the process of constructing thermometers 
neatly and accurately, is connected with the possession of manual 
«kill, which practice only can confer; and it ia scarcely possible, 
udthout tlic most tedious minuteness, to describe all the necessary 
precautions and manipulations. These will readily surest them- 
selves to a person who carries the above instructions into effect. 

In graduating thermometers, the first step consists in taking tiie 
*wo fixed points. The frecang point ia ascertained, by immersing. 



^* 



The experiments of De Luc, however, have shown, that the ratio 
>f expansion does not, strictly, keep pace with tlie actual inci'cmenls 
.4 temperature; aud that the amount of the enpansion increases 
^th.the temperature. Thus if a (jiven quantify of mercury, in be- 
ing heated from S3 to 133°, tlie lirst half of the scale, he expanded 
■14 parte, in being raised from J22 to 212, tlie higlier lialf, it will be 
ucpand«d 1.5 parts. 

From the inquiries of Mr. Dalton, it appears to follow, that the ir- 

'egularity of the expansion of mei'cury is considerably t;reater ihan 

las been stated by De Luc. By tlie common meicurial thermome- 

ifr, we cannot ascertain the true rate of expansion in quicksilver; 

•r it must be obvious that tlie expansion of the glass ball, in wliichit 

a«ORtained, must considerably aRect the result. If the capacity of 

Jw boil remained unaltered, we should then be able to determine the 

ictnal rate of expansion ; but by an increase of tepiperature its ca- 

lacity is enlarged, and space is thus found, within tlie ball, for the 

pansion of that mercury, which would otherwise be driven ints 

B tube. By knowing the rate of expansion in glass itself, we can 

. rrect this error; but a small error in this datum will lead us con- 

iderably wrong as to the true expansion of quicksilver. The real 

Sputsion of mercury in glass is greater tlian the apparent, by tlie 

""inneioD of the glass itself. 

..Ikjaking due correction for this circumstance, Mr. Dallon has been 

„4.to conclude from his experiments, that notwithstanding the ap- 

Brent diversities of expansion in different fluids, they all actually 

jwnd according to the same law ; vix. that the quantity of expan- 

fftis 05 the square of the temperature from their respective freez- 

^g.poittts, or from their points of greatest density. If then a ther- 

OOieter be constructed, with degrees corresponding to this law, 

*■ will be found to differ very considembly from tJiose of the com- 

B mercurial thermometer, in whick the space between freezina; 

^ bcHling is divided into 180 equal parts. In the Appendix will 

Ji^Bsd a table showing the correspondence between tlie old scale 

ft tiie new one constructed on Mr. Dalton's principle. 

Hf- Uneombined caloric has a tendency to an eguilibriiim. Any 

Jober of different bodies, at various temperatures, if placed under 

nlar circumstances of exposure, all acquire a common tcmpera- 

8,,' Thus, if in an atmosphere at 6U°, we place iron filings heated 

Ktdness, boiling water, water at 33°, and various other bodies of 
rent temperatures, they will soon affect the thermometer in the 
ne degree. The same equalization of temperature is attained, 
ouffh less quickly, w'hen a heated body is placed in the vacuum of 
J^^pump. The rate of coolin| in air is to that in vacuo, tlw tera- 
^ratures being equal, nearly as five to two. 

Motion of Free CaZuric— 1. Its Radiation^3. Its I'aasage 
through Solids and Fluids. 

j/oric escapes from bodies in two dijferent modes —Part of it 
, its way through apace, independently of other matter, and with 



le velocitr. In this state it lias l>eeu called, ra4 
heat, or radiant calonc. 

Radiant calobio exhibits Several interesting properties. 

1. Its reftettion. (a) Those surfaces, that reflect tiglitjj 
pcrtcctly, ore iiot equally ndapted to the reflection of caloric. 
A glass mirror, which reflects light with great effect whi 
fore a blazing fire, scarcely returns any heat, xaA the niirroc 
becomes warm. On the contrary, a polished pinte of tin, or 
epoOD, when similarly placed, reflects, to the hand, a very 
rlegree of warmth; and the metal itself remains cool. 
ihertifore, are much better reflect oi-a of caloric than glass; 
fiossesB this property, exactly according to their degree of 

(b) Caloric is reflected according to the same law that ] 
Uie reflection of light. This is proved by an interesting es_ 
of M. Fictct ; the means of repeating which may be attain) 
moderate expense. Provide two reflectors of planished tin 
6.flg.45), which maybe 12 inches diameter, and segmaal 
sphere of nine inches radius. Parabolic nurrors are still 
sdapted to lite purpose ; but their construction is less easy. 
sT these must be furnished, on its convex side, widi themeanH 
porting it in a perpendicular position on a proper stand. PIi 
niliTors opposite to each other on a table, at the distance of 
to 12 feet. Or they may be placed in a horizontal positioni 
presented in the fourtli plate to Sir 11. Davy's Chemical Phil) 
an aiTan^ement in some respects more convenient. In the f 
ime, let the ball of an air thermometer, c, or {which is still 
one of the balls of a (diflerential tliermometer, be situated ; 
that of the other, suspend a ball of iron, about four ounces in' 
and heated below ignition, or a small matrass of hot water, d 
ing previously interposed a screen before the thenoomcter. Imme* 
diately on wltlidrawing the screen, the depression of the column ^ 
liquid, in the air thermometer, evinces an increase of temperature ia 
the instruraenf. In this experiment, the caloric Hows first from tJu> 
Iieated ball to the nearest reflector; from this it is transmitted, is) 
parallel rays, to the surface of the second reflector, by which it * 

collected into a focus on the instrument. This is precisely t 

course tliat is followed by radiant light; for if the flame of a tafi^ 
be substituted for the iron ball, the image of the candle will appei^ 
{H-ecisely on that spot (a sheet of paper being presented for its nfr 
ce^tion) where the rays of caloiic were before concentrateit. . ™ 

(cl When a glass vessel, filled vrith ice or snow, is substituted Bar' 
the neated ball, the course of the coloured liquid in tlie thermnnu)* 
t«r will be precisely in the opposite direction; for its ascent (riU 
Ahow, that the air m tlie ball is cooled by this arrangement. TTiia 
einerincnt, which appears, at first view, to indicate the reflection of 
cold, presents, in fact, only the reflection of heat in an opposite di- 
rection; the ball of the thermometer being, in this instance, tlie hot- 
ter body. "And since heat emanates from bodies in quantities 
greater as their temperature is higher, the introduction of a cold 



^ into (lie focus of one niirroi', necesnarll; dtininislLCs ti\e b;m- 
irature«f a tliermometer in the focus ofthe other, in the same tnan- 
Sr 49 a black body plated in the focus of the one, would diiniRisii 
« guantity of lieht m the focus of the other'," 
•{d} In Mr. Leslie's "* Enqiiirj into the Nature, &c. of Heat," a va- 
Ay t'f iinpiirlant experinienta are detailed, nhich ^how the itiflu- 
tee of covering the rellectors with various substances, or of me- 
iiinicftU7 clan^ng the nature of their surfaces, on their power ol^ 
Cnrnin^ caloric. 

A Caloric ie refracted, also, according to the same law that I'egu- 
tos the refraction of light. This interesting discovery we owe to 
r> Herscliell, whose eiiperiments and apparatus, however, cannot. 
I liwierstood without the assistance of a plate. For this reason, I 
&r to his paper in the 90th vol. of the Philosophical Transactions, 
■in the 7lii vol. of the Philosophical Magazine. 
'fi. The nature of the surface of bodieshas an important influence 
WP their power of radiating caloric. 

To exhibit this influence esperinientally, let a canister of plan- 
ted block tin, forming a cube of six or eight inches^'^be provided, 
iviogan orifice at the middle of its upper side, from half an inch to 
I inch diameter, and the same in heignt. This orifice is intended 
receive a cap having a small hole, through which a thermometer 
Hiserted, so that its bulb may reach the centre of the canister, 
at one side of the canisfer be covered with black paint ; destroy 
e polish ofanother side, by scratching it widi sand-paper i tarnisli 
third with quicksilver; and leave the fourth bright. Then fill th« 
38el with boiling water. The radiation of caloric frou) the black- 
ed wde is so much more abundant than from the others, as to be 
en sensible to the hand. Place it before a reficctor (fig. 45), in 
a of the heated iron ball already described. The thermometer, in 
J focus of the second rellectftr, will indicate tlie hidiest tetnpera- 
■e, or most copious ladiution of caloric, when the blackened side 

!)re8eiited to the reflector; less when the tarnished or scratched 
B is turned towards it; and least of all from the polished side, 
jliese varieties in the radiating power of diflerent surfaces, are 
' ' ided, as might be expected, with corresponding variations in the 
of cooling. If water in a tin vessel, all of whose sides are pol- 
d, cools through a given number of degrees in eighty-one minutes, 
will desccnil through the same number in seventy-two minutes, tC 
e surface be tarnished with quicksilver. Watei', also, enclosed 
. a clean and polished tin ball, cools about twice more slowly than 
ater in the same ball covered with oiled paper. Blackening the 
irface with paint, or even a lliin coat of varnish, on the same urin- 
pte, accelerates greatly the rate of cooling. These facts teach us, 
kat vessels, in which fluids arc to be long kept hot should havetheif 
irfkces brightly polished; and they explain, among other thing?-: 
K superiority of metallic tea-pots over Uiose of earthen ware. 



' DaiT'sChem.Pliilos. p. 206.' 



5. Radiant c&loric is absorbed with difli'reiit facility hf < 
Burfacea. This is only sUtin?, in other terma. that Burfncea i 
lioweii witii varinuB powers uC reflecting caloric since the pf 
absorbing caloric m precisely opposite to that iif reflecting it. 
tlie IWKt rcllectnrs uf heat will absorb the least. It may be | 
hftwever, to offer Borne illustrations of tJie principle under thii _ 

(a) Kxpose the bulb of a sensible thermometer to the direct! 
of the sun. On a hot summer's day it will probabl); rise, in tWj 
mute, lo 1(J8^". Cover it with Indian ink, and again expose i*j 
similar inamier. During the evaporation of the moisture it willT 
twt as Boon as the coating becomes dry, it will ascend to 1 18° '' 
wards, of Fahrenheit, or 10" higher than when uncovered « 
pigment. This cannot be explained by supposing that the blac 
mg is girted with the power of retaining calorie, and preve 
its escape i because from experiments already related, it apf 
that a similar coating accelerates the cooling of a body to whiC 
applied. 

(&) Colour has considerable inlluence over the absorption i 
loric. This iirthown by llic following very simple experiment n 
Franklin. 

On a winter's day, when the ground is covered with snow, 
our pieces of woollen cloth, of enual dimensions but of diftere" 
ours, vis. black, blue, brown, anu white, and lay them on the !' 
at the snow, in the immediate neighbourhood of each other- 
fbw hours, the black cloth will have sunk considerably bel 
surface ; the blue almost as much ; the brown evidently less ; i 
the white will remain precisely in its former situation. Thus it ap- 
pears, that the sun's rays are ateorbed bythe dark coloured cloth, and 
excite such a durable heat, as to melt the snow underneath ; but they 
have not the power of penetrating the white. Hence the preferencft 
generally given to dark coloured clftths during the winter seasoB, 
and to light coloured ones in summer, appears to be founded on rttt* 

(c) This eKperiment has been varied by sir H. Davy, in a maa^ 
net which may be repeated at any season of the year. Take siB 
similar pieces of sheet copper, each about an inch souare, and cdIouf j 
the one white, another yellow, a third red, the fourth green, the fiftlf ■ 
blue, ami the siith black. On the centre of one side of each pieced 
put a small portion of a mixture of oil and wnx, or cerate, whicit I 
melts at about 76°. Then expose their coloured surfaces, under pre- 
cuely equal circumstances, to the direct rays of the sun. The ce^ 
rate on the black plate will begin to melt perceptibly before the rcd^i 
Ibe blue next i tlien The green and the red ; and, lastly, the yellow;'. 
Tfee white will scarcely be affected, when the black is in compf""^" 




■piffTt Tl CONODtlTOItB OF CAlOUfi^ i^^ 

ft I. Solid bodies convey lieat m all directions, upwards, down- 
Kwards, and laterally; as may tie shoivn> by heating the middle uf an 
nron rod, and holding it in diRerent directions. 
^- E. Bome bodies conduct caloric much more quickly than others. 
ICoaitwn rods, of equal length and thickness, tne one of glass, the 
n>tbef of iron, with wax, at one end of each only; and then apjily 
Heat to the uncoated ends. The wax will be melted vastly sooner 
■from tlht end of the iron rod, than from tlie glass one.; which shows, 
Bthatiron conductii heat more quickly than mss. 
1 Even the different metals possess very different powers of con- 
Bdscting caloric. An appro simation to the degree in which they 
BHWMBS this property, may be attained by the t'o]lowin« method, ori> 
Kin ally employed by Dr. Ingenhouz. Procure several solid cylin- 
Knrs, or rods, of the same size and shape, but of different metals. 
^^Iiey may be six inches long, and one 4th of an inch in diameter. 
ICuat them, wltliin about an inch of one end, with bees-wa«, by dip- 
Btting them into this substance when melted, and allowing the cover- 
KlDe; to congeal. Let an iron heater be provided, in which small 
Holes have been drilled, that exactly receive the clean ends of the 
Mrlinders. After heating it below ignition, insert the cylinders in 
Ktneir places. The conducting power may be estimated by the lengtli 
bf wax coating melted from each in a given time. According to 
nhe experiments of Dr. Ingenhouz, the metals may be arranged ia 
nhe following order: Silver possesses the highest conducting power; 
bext, gold ; then copper and tin, which are nearly equal ; and, belovr 
Rfaese, platina, iron, steel, and lead, which are greatly inferior to 
■the rest 

ft U is chieGy owing to the different conducting powers of bodies, 
Miat they affect us, when we touch them, with di&erent sensations 
H* cold. Thus, if we apply the hand in succession to a number uf 
Kodiea (as a. piece of wood, another of marble, &c.), they appear cold 
Hsvery different degrees. And as this sensation is occasioned by 
^Hte passage of caloric out of the hand into tlie body which it touches, 
BJAatbody will feel the coldest, which carries away heat the most 
hktckty ; or which, in other words, is the best conductor. Fur the 
Kme reason, of two bodies which are heated to tlie same degree, and 
Keth considerably above the hand, the best conductor is the hottest 
■fa) the touch. Thus the money in oar pockets often feels hotter 
Bub the tlothes which contain it. 

K^'.e. Liquid and aeriform bodies convey heat on a different princi* 
■jde from that observed in solids, viz. by an actual change in the 
Ktnation of their particles. That portion of the fluid, which is 
Kearest to the source of heat, is e.snanded, and becoming specifical- 
Ib' lighter, ascends, and is replaceo by a colder portion from above. 
Blliiit, in its turn, becomes heated and dilated, and gives away to a 
Hecond colder portion ; and thus tlie process goes on, as long as the 
■fluid in capable of imbibing heat. 

ft (a] Take a glass tube, eight or 10 inches long, and about an inch 
Be diameter. Four into the bottom part, fgr about the depth of aa 
Bncb, a little ivater tinged with litmuii, and then illl up the tube witK 
L. VoL-l^M. 



common water, puurJug on the ktter exti'ernt;ljr geuily, so a: 
the two stiata quite distinct. It' the tipper part of the tube b 
heated, the coloured liquoi' will remain at the bottom i buta 
tube be afterwards heated at tlie bottom, the infusion will m~ 
and will tinge the whole mass of Huid. 

(b) Into a cylindrical glass jar, four inches diameter, 
14 deep, let a circular piece of ice be fitted 3j inches thicliiS 
of rather less diameter tlian tlie jar. Or water lua^ be ponrc 
the jar to the deptli of 3 j inches, and allowed to con;i;cal f 
pMEure to a ficczing atmosphere, or by suirounding it with % a 
of snow and salt The ice is to be secured in its place bj twd 
of wood, crossing each other like two diameters of a circIetJl 
right angles to each other. Pour, over the cake of ice, water'i^ 
temperature, to the depth of two inches ; and on its surC 
there float a shallow circular wooden bos, perforated with J 
From the cDck of a tea-uril, filled witli boiling water, and ri '" 
tliat its spout may be above the top of tlie jar, suspend a nu .. 
moistened threads, the lower ends of which must rest on the M 
of the box. By this arrangement, when the cock is turned, ti_ 
water will trickle down the threads, and will have its fall coi 
rably broken. It will tlien spread over the surface of tJie b 
pass through the perforated holes to the cold water beueat^ 
which it will float witliout mixine with it. Let tlie jar be thitl(J 
pletely filled with hot water. The ice will remain unmeLfq 
several hours at the bottom of the vessel. 

(c) Fill a similar jar with hot water; and, having provided a ff 
of tee, of equal size with the former one, let it be placed on the auc- 
face of the water. In about three minutes, the whole will be melted* 
Both these experiments are more striking, if the water, use4 fn 
forming the cakes of ice, be previously coloured with Htmus ; tor, gt . 
the latter experiment, the descending ■ currents of cold water a" 
thus made apparent. 

((I) These experiments may be varied, by free'^ing, iu the bottQ( 
of a tube one inch wide, a portion of water, about two inches i 
depth. Then till the tube with water of the common teinperaton 
and hold it inclined over an Argand's lamp, so that the upper portig 
only of the tube may be heated. When tlius disposed, the watf 
may be made to boil violently' at tlie surface, and yet the ice wil | ty 
be melted. But if the experiments be reversed. and (the ice Huatig 
L w. ^e surface) heat ^be applied to tlie bottom of tlie tube, tlia u 
' *te liquefied in a few seconds. 

^ , Substituting water of the temperature of 41° for the boilia 

edinexperiment(c). Count Rumford found, that, in a givjil 

much greater quantity of ice was melted by the coolcfo, 

is appears, on first view, rather ])aradoxicul. The facb- 

explained by a remarkable property of water, viz, that 

'' below 4(J° it ceases to contract, and experiences, on thi^ 

_ entailment of bulk. Water, therefore, at 40° (at Uve 

of which is a mass of ice at 32°), is cooled by contact witK 

—d is expanded at the same moment. It Iheiefore ascenils, 

laced by a heavier oud warmer portion from above. 
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It is a consequimce of the atime property that the surfuce i 
tfeep lake is sometimes covered witli ire, even when tlie water be! 
^B only cooled to 40° ; for the superficial water is specifically lighttrt' 
Ihui the warmer water beneath it, and retains its jilace, till it is 
^tutngeil into ice. This property of water is one of the most re- 
liarkable exceptions to the law, that bodies are expanded by an iii- 
^4^ase, and contracted by a diminution, of temperature, 

From these facts. Count Ruinford concluded, that wafer is a per- 
fect noiMcenductor of caloric, and that it propagates caloric in One 
6irectiun, vf2. upwards, in consequence of the motions which it oc< 
ttsioris among tlie particles of the fluid. The Count inferred also, 
hat if these motions could be suspended, caloric would cease to 
MhS through water ; and, with t!ie view of deciding this question, 
e made the following experiments, which admit of being easily re- 
eated. A cylindrical tin vessel must previously be provided, (wo 
iches in diameter, and Si inches deep, having a moveable cover, 
iftrfbrated with a small aperture, for transmitting tlie stem of a 
""ifermometer, which is to be inserted so that its bulb may occupy the 
atre of the vessel. 

(/) Pill this vessel with wafer of the temperature nf the atmos- 
rtiere ; let the cover be put in its place ; and let the whole appara- 
tea, except the scale of the thermometer, be immerseil in water, 
vhicli is to be kept boiling over a lamp, (ibserve how long a time 
'S required to raise the water from its temperature at the outset to 
180°, and remove it from its situation. Note, also, liow lung it take& 
n* return to its former temperature. 
; tg) Repeat the experiment, having previously dissolved in the 
"Tttttr SOQ grains of common starch. The thermometer will now 
equire about half as long again to arrive at the same temperature. 
i similar retardation, and to a greater amount, is produced by the 
Bixture of eider-down, colton-wool, and various other substances, 
vliich are not chemically soluble in tvater, and which can diminish 
te conducting power in no otlier way than by obstructing the motion 
f its particles. 

r This inference, however, respecting the complete non-conducting 
tower of water, has been set aside by the subsequent inquiries of 
)r. Thomson and Dr. Murray, especially by amost decisive experj- 
■ent of the latter. To establish tlie conducting power of water, it 
"IBS justly deemed indispetiaable, that caloric should be proved to 
e propagated through that.fluid downwards. This, on actual trial, 
t appeared to be ; but it was objected, that the sides of tlie contain- 
-jglTSSsel might be the conductor. To obviate this objection, Dr. 
nirray contrived to congeal water into the form of a jar, capable of 
ioldtng liquids. This was separately fdled with linseed oil and 
irith mercury. At a proper distance below the surface, the bulb of 
i thermometer was placed ; and on the surface of the liquid rested 
t flat iron vessel, containing boiling water. Under these circum- 
tances, the thermometer invaiiably rose ; and though it ascended 
jly a very few degrees, jet it must be recollected, that the cooling 
- - of the sides of the vessel would elfeetuaUy prevent any con- 
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siderablecleraliijnor teniperalure. This eicperiment, i 
with others, decitjivcty proves, that water is a conUuctor, I 
elwv or imperlVct one, of caloric. 



SECTION 111. 

Caloric the Cause of FluidiUj. 

I. file temjieratuvf of melting snow, or of thawing i__, 
formli) the seine at all times, ana in all place's. — This raay b 
tnined by the thermometer, which will always, when immat 
liquefying ice or snow, point to 32" of Fahrenlieit, ivliataoevi 
be thcheight of the barometer, or the elevation, above the £< 
place where the experiment is made". 

i I. The sensihle heat, or temperature of ice, is not changt 
qUfjactioii.—\ thermometer in pounded ice stands at 32", 
tlie very same point in the wafer which resalts from the liqiu 

III. Vetice, during lii}Uffaction,vnist absorb much caloriet 
pose a pound of water at 52", and a pound of ice at 32°, in ■ ' 
the temperature of which is several degrees above the freezinf, 
and uniformly the same during tlie experimenL The wat£C n 
rive at the temperature of tlie room, several hours before thtf 
melted ; and the melted ice ivill have, as before its liquefactk 
temperature of 32°. Yet tlie ice must, during the whole 4 
time, have been imbibing caloric, because (according to Exp«" 
IV. $ P.) a colder body can never be in contact with a warm 
without receiving caloric from it. The caloric, therefore, wM 
entered the ice, but is not to be found in it by the thermotn 
flaid to have become latent. As it is the cause of the liquefac 
the ice, it is sometimes called caloric offbiiiUty. 

IV. The quantity of calorie that enters into a pound of ietM 
hecomes latent, during liquefaction, maij be teamed by avperuir 
Tfia pound of wafer, at 172°, «dd a pound of ice at 32°. The ti 
perature will not be the arithmetical m 
it, I'ix, 52°. All the excess of caloric ir 
disappeared. From 172° take 32° j the remainder, 140°, showi 
ouanlity of caloric that enters into a pound of ice dming liqi 
tion J that is, as much caloric is absorbed by a pound of icc, d 
it* conversion into water, as would raise a pound of water froi 
to J7i°. 

It is from the properly of its uniformly absorbing the same ■ 
tMly of caloric for conversion into water, that ice has been tngen 
Jy a|>pljed, by Lavoisier and Laplace, to the admeasurement d 
Iteati evolved id certain operations. Let us suppose the tmd^ 

■ Shiiekbais, Philosqilucal Tiannulion^ Lux. 



^^■HTr.lII. CAI.ORtC TRE CAUSE OF FLUTDtTV. 

^HNiich the caloric evolved eitlier bysitnple cooling or 

^*to> be measured) to be inclosed in a liollow sphere of ice, whh' 
opening at the bottom. Wheu thus placed, the lient which ia gii 
oat, will be all employed in melting the ice; and will prodQce t 
teflect in direct proportion to its quantity. Hence the quantity 
ice, tvhich is converted into water, will be an accurate measure 
the caloric, that is separated from tite body subioitted to expenm< 
In tliis way, Lavoisier ascertained that equal weights of dUfert 
combustible bodies melt, by burning, very diSerent weights of h 
The apparatus which he em)]loyed for this purpose, he has called t 
calorimeter. Its construction can scarcely he understood wilho 
the plate, which accompauies the description in his " Elements 
Chemistry;" and I consider it unnecessary to copy it into tl 
wocli, because the instrument is liable to several causes of ' 
curacy. 

V. Other examples of the absorption ofealoric, during the Up 
faction of bodies, are furnished by the mixture of snow and niji 
add, or of snow and common salt, both of which, in common ' 
guage, produce intense cold. 

1 . Dilute a portion of nitric acid with an equal weight of vraiA 
and, when thcmistureli^^ooled, addtoit aijuantity of lightfret 
fallen snow. On immersing the thermometer m the mixture, a ve 
considerable reduction of temperature will be observed. This 
owing to the absorption, and intimate fixation, of the free caloric 
the mixture, by the liquefying snow. 

2. Mi?t quickly together equal weights of fresh-fallen snow at SI 
and of common salt cooled, by exposure to a freezing atmosphei 
down to S£°. The two solid bodies, on admixture, will rapid 
Ih]uefy ; and the thermometer will sink 3S°, or to t) ; or, accordi: 
to Sir C. filagden, to 4° tower*. To understand this experiment 
nwist be recollected, that the snow and salt, thoug^ at die freezij 

[ temperature of water, have each a considerable portion of ancombi 

I ed caloric. Now salt has a strong afhnity for water ; but the unii 

I canuot take place while the water continues solid. In order, thei 

I fore, to act on the salt, the snow absorbs all the free caloric requi 

\ Ctl for its liquefaction ; and during this change, the free caloric, ba 

of the snow and of the salt, amounting to 32°, becomes latent, ai 

is concealed in the solution. This solution remains in a liqa 

state at 0, or 4° below of Fahrenheit; but if a greater degree 

cold be applied to it, the salt separates in a concrete form. 

S. Most neutral salts, also, during solution in water absorb mm 
caloric; and the cold, thus generated, is so intense as to free; 
water, and even to congeal mercury. The former esperime at, hoi 
cer {viz. the congelation of water), may easily be repeated on 
■UmniEr's day. Add to 32 drachms of water, i 1 drachms of mm 
^*e of amnionia, 10 of nitrate of potash, and 16 ofsulpliatc of soill 
*'l finely powdered. The salts may be dissolved separately, in t| 
•^der set down. A thermometer, put into the solution, will sho|! 

' PhUosophicil Tnuuactions, Issviu. 3S1 
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tliat the cold produceil is at, or below.freeziiig; and a I'tU 
in a tliin gliiss lube, beiiig Imtntiised Id the solution, sv'ill 1 
in a few minutes. Various other freezing raixturi's arp il6ii| 
Mr. Walker's papers in the Philosuphical Transactions fi>i 
»9, 95, and 1801. Of these tlie table, given in the Ap[ 
ivhicb I am indebted to tlie obliging communicatiuii of I 
toiitains an arranged abstract 

4. Crystiillixetlmuriateof lime.wlien mixed with fliiow, 
a mostintenae degree of cold. This property was discovi 
years ago by M. fovitz.of St. Petersburg, and has been si 
cd, in tSis country, to the conMlation of mercury on a very a 
sC'ftle. The proportions which answer best, are about ctjut^ 
of the salt finely powdered, and of fi-esh-fallen and light sq 
mixing these together, and immersing a thermometer in the 
the mercury sinks with great rapidity. For measuring ', 
cold produced, a spirit-tliermo meter, graduated to 50° 
Fahrenheit, or still lower, should be employed. A few \. 
the salt are suOicient to congeal a large mass of mercnfl 
means of IS pounds of the murialc, and an equal weight i' 
Messrs. Pepys and Allen froze 5G pounds of quicksilver int 
mass. The mixture of the whole quantit^f salt and tnow,i 
was not made at once, but part was expended in cooling th^'l 
als themselves. 

On a small scale it may be sufficient to employ two or tl 
of the salt. Let r few ounces of mercury, in a very thin B 
tort, be immersed, first, in a mixture of one pound of eoi 
wlien this lias ceased to act, let another similar mixture be ^ 
The second will never fail to congeal the ouicksilver. 

In plate iv. fig. 4S, a very simple and cheap apparatus tP 
sented, which 1 have generally employed to freeze mercury, 
dimensions will be given in the description of the plates*. 

Tlie salt thss expended may be again evaporated, and crysta]liz< 
for future experiments. 

The reader, who wishes for farther particulars respecting thei 
experiments, is referred to the Philosophical Magazine, iii, 76. 

Vl. On the contrary, liquids, in becoming soUd, evolve or gii 
out ealarie, or, in cmnman language, produce heat. . 

1. Water, if kept perfectly free from agitation, may be codt^ 
down several degrees below 32° ; but, on shSiing it, it immedi^t^ 
congeals, and the temperature rises to 32°. "^^ 

2. Expose to the atmosphere, when at a temperature below fr 
mg (for example, at S5° of Fahrenheit), two eijual quantities of watOf 
ID one only of which about a fourth of its weight of common salt m 
been dissmved. The saline solution will be gradually cooled, wil 
Wll freezing, to 25°. The pure water will gradually descend to SS" 
and will there remain stationary a considerable time befoie it co^ 
gcal*. Yet while thus stationary, it cannot be doubted, that thj 
puns water is yielding caloric to the atmosphere. e<jtially wiili tH 

* See AppencLx, 
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le solution ; for it is impowsible that a wanner body can be s 
ided by a cooler one, witliout imparling caloric to the lati 
reason of tlija equable temperature h well ei^plained by br. 
wford. ['Oii Heat,}^. 80.) Water, he observes, durina; treez- 
is acted upon by two opposite powers : it is deprived ofcaloric 
ixposure to a medium, whose temperature is below 32°; and it __ 
ipplied with caloric, by the evolution uf that principle from il 
Vix. of that portion which constituted its l^ulUily. As thes 
ers are esactly et|unl, the temperature of the water muist r 
punclianffed, till the caloric of fluidity is all evolved, 
.""'rive evolutiiinor caloric during the congelation of water, is 
, ^lustrated by the following experiment of Dr. Crawford :— 
'i. round tin vessel put a pound of powdered ice ; surround tlui^ 
I mixture of snow and salt in a larger vessel ; and stir the ice in 
i&ier one, till its temperature is reduced to -f* 4° of Fahrenheit. 
Ste ice thus cooled, add a pound of water at S3°. One 5th of 
Vill be fro7,eii, and the temperature of the ice will rise from 4° 
^°. In tills instance, the caloric, evolved by the congelation of 
5th of a pound of water, raises the temperature of a pound of 
28". 

, If We dissolve sulphate of soda in water, in the proportion ul' 
part to five, and surround the solution by a freezing mixture, it 
hi gradually down to 3 1°. Tiie salt, at this point, begins to be de- 
tw, and stop$ the cooling entirely. This evolution of caloric du- 
(he separation of a salt, is exactly the reverse of what happens 
Be its solution*'. 

' To a saturated solution of sulphate of potash in water, or of any 
'&nt is insoluble in alcohol, add an equal measure of alcohol. 
.alcohol attracting the water more strongly than the salt ret^nf 
ivCcipitales the salt, and considerable heut is produced. 




SECTION IV. 

^ Catoric, the Cause of Vapour. 

Xvery liquid, when of the saiae degree of chemical pitriti/, aUd 
Tfqtiat circumstances of atmospheric pressure, has one ptculiar 
t^Of temperature, at which it invariably boils. — Thus, pui-e wa- 
always Ixiils at 212°, alcohol at tre", and ether at 98°, Fahreii- 
'•'j and, when oiice brought to the boiling point no liquid can 
ftiade hotter, however long the application of heat be con- 
Jed. The boiling point of water may be readily ascertained, 
t'tninersinz the thermometer in water boiling, in a metalic ves- 
) liver the hre. As there is some danger in applying heat direct- 
to a vessel containing either ether or alcohol, the ebullition ol 
be' fluids may be shown by immersing the vessel containing them 
Vater, the temperature of which may be gradually raised. """" 

* Blagdcn, Fhilosophicid Trsmsaclions, Isitviii. 290. 




appeai-nuce of boiling is vwiog to the formatiuti of vapour at 
torn of the Tcasel, and its escape tbrouuh the heated Huid ~ 
That the steam, which escapes, is actually formed at tlie bi 
not at the top of the water, may be seen bv boiling some 
Florence Hask, or other tranepareot vessel, over an Ai^s 
The bubbles of vapourwill all ascend from the bottom of 
A few pxceptiona to the fiJiity of the boiling point of ii<|uidst 
chiefly from ihe material of which the containing vessel is c— 
have lately been stated by Gay Lussac'. 

II. Steam has exactly the same temperature as hailing 
Jjet a tin vessel be provided, having two holes in its cove 
which isjust lai^ enough to admit the stem of a thermomt 
it partly with water, and let the bulb of the thermometer 1 
or two above the surface of the water, leaving the othe: 
open for the escnpc of vapour. When the water boils, the 
meter, surrounded by steam, will rise to 212°, which is pre 
temperature of the water beneath : yet water, placed on a 
Unues to receive heat, very abundantly, even when boiling 
as this heat is not appreciable by the thermometer, it must 
the steam, in a Latent state. 

Perfectly formed steam in entirely invisible. We may _^ 
ourselves of this by boiling strongly a small (juantity of water 
Baslt ; for complete transparency will esist in the upper part of the 
vessel. It is only when it begins to be condensed, that steain be^ 
cornea visible. We have a proof also of tlic fiame fact iu the tliick 
fogs which are prodaced by a sudden transition from warm t 
weather ; the vapour which was imperceptible at the higher i 
rature, being condensed and rendere<l visible by the lower. 

III. The. boiling point of the same fluid varies, under dlffimml 
degrees of atmospheric pressurej— Thus water, which has beenw~ 
moved from the fire, and has ceased to boil, has its ebullition r< 
«d when it is placed under a receiver, the air of which is quickt^ 
exhausted by an air pump. Alcohol and ether, confined under-ui 
exhausted receiver, boil violently at the temperature of the attnoM 
phere. In general, liquids in vacuo, with about 140° less of hea^ 
than are required under a mean pressure of the atmoaphei ' ~ 
the ordinary variations in the weight of the air, as measured by tl 
barometer, are sufficient to make a difference in the trailing pM 
of water of about 5° between the two extremf aj. On ascending eoni_ 
.darable heights, as to tlie tops of mountains, tlie boiling pointof watS 

y falls on the scale ofthe thermometer. Thus on the sun] 
it Blanc, water was found by Saussure to boil at ^S7'' I 
On this fact is founded the use ofthe thermometer in t 
rament of heights, which though originally suggested by Fith- 

cCfaim, et Phvs. vii. 30r, orjouni.of Bcicnci?, v. 
yXiCOtureK, i. i^l. 

raekburg'b, in Philosophicil Tranaaciions, Ixxix. 375, and Gen. 
'-Wii. 687. 
• ISir, p. 184. 1'hc iii9;rumEnt ig sulil by Mr. Carc> in ibe 
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renhe!t, has only latelj^ been maile conveniently praclicabie, in con- 
iequence of the invention uf a thermometer, adapted to the purpose, 
jly the Rev. Mr. Wollaston*. Without entering into minute de- 
tails, it would not be possible to ^ive a clear idea of the instrument. 
Rt may be sufficient to state th.it each degree about the boilin" point 
a made to occupy a apace, that admits of bein^ distinctly uivided 
htn 1000 parts. And as each degree of Fahrenheit is equivalent to 
I^B9 of an inch of the barometer, which indicates an elevation of 
pSO feet, it follows that one thousandth part of a degree will be 
iqnivalent to a difference in height of about six inches. In fact, the 
fteigfat of a common table produces a manifest difference in the boiS 
point of water, as ascertained by this sensible instrument. 
lie influence of a diminished pressure in facilitating ebullition 
i»y, also, be illustrated by the following very simple esperiment:— 
wee, over a lamp, a Florence flask, about three fourths filled with 
nter; let it boil briskly duringa few minutes; and, immediately 
B removing it from the lamp, cork it tightly, and suddenly invertit. 
%e water will now cease to boil ; but, on cooling the convex part 
If the flask by a stream of cold water, the boiling will be renewed. 
Applying boiling water from the spout of a tea-kettle to the same 
ptft of the flask, the water will again cease to boil. This renewal 
l^f the ebullition, by the application of cold (an apparent paradox) 
PSb owing to the formation of an imperfect vacuum overthe hot water, 
Kilgr the condensation of steam ; and the suspension of the boiling, on 
" -applying the heat, to the renewed pressure on the surface of the 

it water, occasioned by the formation of fresh steam. 
f From these facts, it may be inferred, that the particles of caloric 
t Riutualty repulsive, and that thev communicate this repulsive 
Td«ncy to other bodies in which caloric is contained. This repul- 
e power tends to change solids into fluids, and liquids into aiiri- 
1 bodies, and is chiefly counteracted by the pressure of the 
Dsphere. 

I^Were this counteracting cause removed, many bodies, which at 
BentJiave a liquid form, would cease to be such, and would bp-mc 
aged into a gaseous state. Precisely the same effect, tliereffM^ 
»tte from the prevalence of either of these forces. Adtl to ce^"^' 
fjida a quantity of caloric; in other words, place theiuitdL- ? 
jierature, and they are immediately converted into gn,e _ S'' 
trtemperatui-e remaining the same, diminish the weighiy,?""* 
0aphere; and the caloric, which they naturally contain," ™ 
prepulsive tendency with equal effect, and they are in lik^^''* 
T converted into ^ses, Tliese facts are best shown by the liT'"'" 
gexperiments on ether: 'low- 

fUl. Ether, at the temperature of 104°, exists in the state of 
'» may be shown by tilling a jar with water of this tempe'^^^" 
--erting it in a vessel of iW same. Then introdui '" 



', by means of a small glass tube closed at one end. Tl 

> Phil. Trans. 1817, p. 184. Tlie iitstnimenl ie enH by Mr. Ca- . 
' Voj.. 1.— N. 
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will rUc tu the ton of the jar, and, in ita ascent, iv ill beciiantj-^ 
gas. filling tlie whole jar wiLb a trnnspnrent, invisible:, elastlC' 
t>apern)itting the water to cool, tlie etiicrcal gaa ia condeni ' 
the inverted jar again becomes filled with water. 

9. Etheris ciianged into gas by diminishing the weight 
atniOSphei'e. Into u glass tube, about six inches Ions;, aira ' 
inch in diameter, put a tea-spoonliil of etSier, and ml up __ 
with water; then, pressin;^ the thumb on tlie t>neD end of the, 
place it, inverted, in a jai' ol' water. Let the whole be set uim' 
receiver of an air pimin, and the air exhausted. Tlie ether 
changed into gas, which will expel the water entirely from tin 
On re-admitting the airinlo the receiver, the gaa is again coiu' 
into a liquid form. 

IV. On the contrary, hg (on^iderabbj increasing the pri 
water 'nai/ be hettted to tibiive 400" Fahrenheit, without being t ^ 
ed inta vapour^ — This experiment requires, for its performance^ 

string iron vesael, called a Papin's digester, a plate of which 

be aeen in Gren's Chemistrj. That the boiling point of water, 
the temperature of steam, are raiaed by an iiicre^iaed pressure, 
be shown, however, by meana of the small boiler, represented, plate 
V. Hg. 46, which will be found extremely useful in experiments oa 
tills sulject. Its precise size, and directions for its cunstmction, 
will be g^ven in the Description of the Plates. 

On the cock c may be acrewed, occasionally, a valve, loaded 
the proportion of 14 pouada to the square inch. The boiler being 
rather more than half filled with water, and the perforated cap d be- 
ing screwed into its place, the ball of the thermometer will be an. 
inch or more above the surface of tlie water, aud will Indicate itft 
temperature, as well as that of the steam, botli being, necessarilTj^JB 
all ca§es, precisely the same. Allowing the steam to escape throu^ 
the cock c, before affixing tlie valve, Uie temperature of the ateami. 
under a mean atmospheric pressure, will be 212°. When an addiv 
tional atmosphere ia added by the weighted valve, it will rise '^^ 
above 240" ; by a valve twice as heavy as the firet, or luaded in PiiH 
phopition of 42 pounds to the square incli [= tliree atmosphered 
than mpcrature of the steam will be raiaed to neaily 270°. Thiw' 
theordijt id safe to carry llie experiment; hut by substituting, 
baronieten vessel, the numbers liave been obtamed, which will "" 
ofwater.heform of a table, in the Appendix. _ ^^ 

derablelf ahsor^ttion of caloric, during ei^iiporation, hlwum hy i» 
gradual!. — Moisten a thermometer with alcohol, or with ether, an^ 
ofMouit to the air, repeating these operations alteruately. TTift, 
renheit. of the thermometer will sink at each exposure, because U)^ 
measuT' liquor, during the evaporation, robs it of its heat. In titii. 
lecially witli the aid of an apparatua described by Mr. Ca- 
• Ann i"-''^ i'lulosophical Transactions, 1*81. p. 509), water may 
t uiiick' in a thin and small glass ball, by means ot ether. "Rie 
«!jirc.'tmay be obtained, also, by immeraing a tube, containing 
Roy in diitie bottom, in a glass of ether, wliicli is to \»e placed under 
straTd"'' ^'^ ** "" """ P"'"P f w Uis "sf "cr may 1*^ allowed Iw float i»n 
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he surface of tlie water. During the exhaustion of the vessel, t 
ither will evaporate rapidly ; and, robbing the water of heat, W 
lompletely freeze it ; thus exiiibiting the singular spectacle of two' 
luida in contact with each other, one of which is in the act of bulling, 
jid the other of freezing, at the same moment. 
' By a. little modification of the experiment, mercury itaelf, wliich 
SvqitireB for congelation a temperature of almost 40'' below of Pa- 
renheit, may be frozen, as was first shown by Dr. Marcet*. A con- 
ical receiver, open at the top, is placed on the plate of an air pump, 
irtid a mercunal thermometer is suspended within the receiver, 

K trough the aperture, by meahs of a brass plate, perforated in its 
entre, and fitting the receiver air tight, when laid upon its open 
neck. The thermometer passes through this plate, to which it is 
fitted by a leather adjustment, or simply by a cork secured with 
sealing wax ; and it is so graduated, that, when its bulb is sunk a. 
Few inches within the receiver, the stem rises externally through 
tfic plate, above which fJie scale begins. The bulb is then wrapped 
Dp in a little cotton wool, or, what is better, in a small bag of fine 
Beecy hosie.ry ; and, alter being dipped into ether, the apparatus is 
■juickly laid over the receiver, which is exhausted as rapidly as pos- 
iaible. In two or three minutes the temperature sinks to about 43° 
bdow 0, at which moment the quicksilver in the stem suddenly de- 
nceads with great rapidity. If it be desired to exhibit the mercury 
a solid state, common tubes may be used, which have originally 
. . >n about an inch diameter, but have been flattened by pressure, 
^en softened by the blow-pipe. The experiment succeeds, when 
the temperature of the room is as high as 40° Fahrenheit. 

VI. ne fixation of caloric in water, by its conversion into steari'- 
JBtty be shown fcy the foUaicing experiments : — I. Let a pound of 
tr&terat 212°, and eight pounds of iron filings at S00°, be sudden- 
ly mixed together. A large quantity of vapour will be instantly 
senerated; and the temperature of the mixture will be only 212° ; 
mttiiat of the vapour produced is also not more than 212°; and the 
'stfam must therefore contain, in a latent or combined form, all the.. 
^loric which raised the temperature of eight pounds of iron f ** 
Trbm212°to300°. "'.^' 

2. Tlie quantity of caloric, which th'is becomes latent d j - . 
formation of ateam, may be anproxii>£„^>y repeating th<^ . ° 
eicperiment of Dr. Black : He placed two cylindrical fls^jf j. * 
veSBels of tin, five inches in diameter, and containing a gserta 
'tity of water at 50", on a red hot iron plate, of the k ^^ 
lutchens. In four minutes the water b^n to boil, ancf^jijj^j,* 
tninutes the whole was boiled away. In four minute; 
the water received 162° of temperature, or 40°^ in each^ 
we suppose, therefore, that the heat continues to outer j.^^^ * 
.the same rate, during tlie whole ebullition, we must f^ Jittlp 
ihi" X SO = 810" have entered the water, and ar^^ ^^j 



the vapour. 

• j4 Nich. Journal, 119. 
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If has been forind by experiment that TS pounds of ( 
coal, or 100 pounds of coal of medium quality, applied ii 
iDOuner, are required fur the vapunzatiun of 12 cubic feet, or 4 
89i wine gallons, of tvater. A pound of coal, on the aver^e^j 
be considered as equivaknt to convert a gallon of water into vu 
Wood charcoal, by combustion, is capable of melting 94 tim 
weight of ice, and of evaporating 13 limes its weight of wat — 
•iously at 32° Fahrenheit. Peat of the beat quality, when p 
applied, evaporates 10 times its weight of water, but, i 
jnonly used, only 4 or 5 times. Even with the assistance o 
air, only six times its weight can be evaporated, though C 
pretends to have evaporated 25 times its weiglit*. From eyii 
given before the House of Commons on the Oas Light ] 
j^ounds of food London coke appear to be capable of raising^ 
bG to 70 poundsof water into vapour, or about 4 timea their W 

Vn. Water, by conversion into steam, has its buUc proa 
entnrged, vix. aecording to Mr. JVatt's experiments, abt 
times, or, according to Gat/ Lussac, otdy 1698 times. A ci . 
of wnler (or Sd2 grains) occupies, therefore, when coovertediiiy 
steam, the space of about a cubit foot Hence its specific g 
Hoder the ordinary pressure of the air is to that of commoikHi 
nearly as 450 to 1000} or, taking Gay Lussac's data, as 10 to \ ' 
C25 to 1000. 

Vlll. On Ike contrary, vapours, rfwrHtg llieir conversion Ji 
gitid form, evohe, or give out, much caloric. — The heat ejveiti 
by the condensation of ateam, is rendered apparent by Ihe fotlol 
experiment: Mix 100 gallons of water at 50°, with I gallon ofw 
at 21S°. The temperature of the water will be raised ^outa 
Condense by a common still-tub, 1 gallon of water, from the s 
stdUD, by 100 gallons of water, at the temperature of 50". 
water will be raised 11". Hence, 1 gallon of water, condensei; 
Bleani, raises the temperature of 100 gallons of cold watc 
mora than l gallon of boiling water ; and, by an easy calculatiqt 
sppears tliatthe caloric imparted to the 100 gallons of cold wate 
8 iHiunds of steam, if it could be condensed in 1 gallon of wf 
would' raise it to 950°J. The quantity of ice, which is mel(^ 
BtMm of ordinary density, is invariably 7j times the weight o 
Btum. 

For eslubiting tite latent heat of sleam, by means of a si 
paratus, which may be placed on a table, and with the as. 
«Uy of a lamp, the boiler already described (fig. 46) will be fi 
tttremely well adapted. The right angled pipe e must be ScreWi 
however, into its place, and must be made to terminate at the U 
tow of a jar, cuiifainJng a known quantity of watur of a given jj 
iwtvtaru. This conducting pipe and the jar should be wrapped n^, 
"^llh e few folds of flannel. The apparatus being thus disposed, 1 

'7» An. Cb.86, 

1 8«e alfto Couni HumFord's Ilesearchcs on the Hciit dcycloped in CoaJ 
On. fhil. Mag. sli. ilii.ondsliii. 
4 Olaek'i Lectures, L 16H. 



hewater in the boiler be heated by an Argand's lamp, with double 
nticentric wicks, till steam issues in const<Ierable quantity through 
he cock c, which is then to be cluseJ. The steatn will now pass 
bnngh the right angled pipe into the water contained in the jar, 
irhich will condense the steam, and will have its temperature very 

msiderabl; raised. Ascertain the augmentation of temperature' 
nd weight ; and the result will show, how much a given \ ' ' ' '^^ 
rater has had its tcmpeiature raised by a certain weight of i 
d Bteam. To another (]uantity of water, equal in wei^t and ti 
lerature to that contained in the jar at the outset of the eipeiind 
dd<a quantity of water at 212°, etiual in weight to the condens^d^ 
* — n ; it will be found, on comparison of the two resulting tem- 
tures, that a given weight of steam has produced, by its conden- 
n, a much greater elevation of temperature, than the samequan- 
ityofboiling water. This will be better understood by the follow- 
Kfixampte, taken from actual esperiment : 

^nto eight ounces of water, at 50° Fahrenheit, contained in the 
\as% jar, /. fig. 46, steam was passed from the boiler, till the tem- 
Sfature of the water in the jar rose lo ITS". On weighing the 
rater, it was found to have gained Sj drachms ; that is, precisely Sj 
rtlcbmsof steam had been condensed, and had imparted its heat to 

i water. — To facilitate the explanation of this experiment, it is 

cessary to premise the following r~emarks. 

To measure the whole quantities of caloric contained in different 
i. problem in chemistry which has not yet been solved, 
tut the quantities of caloric, added to or subtracted from, different 
Odies (setting out from a given temjjerature) may, in many cases, 
e measured and compared with considerable accuracy. Thus, if, 
I has been already stated, two pounds of water at 120° be mixed 
ith two pounds at 60°, half the excess of caloric in the hot water 
111 pass to the colder portion ; that is, the hot water will be cooled 
0", and the cold will receive 30° of temperature; and if the ex- 
mment be conducted with proper precautions, 90", the arithmetical 

Uu of the temperature of the separate parts, will be the tempera- 

rsof the mixture. If three pounds of water at 100° be mixed 
ii6 one pound at G0°, we shall have the same quantity of heat as., 
^vn, vix, four pounds at 90°. Hence, if the quantity of water h" 
uldplied by the temperature, the product will be a comjiarBtir 
e^re of the quantity of caloric which the water contains, i 
E^ngthe zero of the thermometer employed. 

Thus, in the last example, 

3 K 100 = 300 = the caloric above zero in the first portion. J 
t X 60 = 60 = the caloiic above zero in the second do. 

The sum, 360 = the caloric above zero in the mixture. 
ividing S60 by 4, the whole quantity of water, we obtain 90°, H 
mperature of the mixture. 
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B latent heat taken together of thft deDser steam. But iji 

ftteam, the sensible lieat is incrcaseil. And the latent heittl 

jEolly diiuinished. Theespknationof this fact will be fur 

'Vy a piinciple to be liereafler explained, that the capacities (if 

flastic fluids foi-caluric are uniformly Jiminished by increasing their 

' density. 

■ X, The fvnporatwn of water is carried ore muck more rapidlif 
' under a dhiimis/teii pressarr, especitilli/ if the vojioiir, wMch is 
I Jbrmed. be condensed as soon as if is produced, sa as to keep up the 
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n temperature, by pru- 
dnjcinga rapid evaporation from the surface of the water itself. Tlic 
"' 'er to be cun^aled is contained in a. shallow vessd, which U sup- 
ted above another vessel, containing a strong sulphuric acid, or 
_' rourinte of lime ; or even dried garden mould ur parched oat- 
tibeat. Any substance, indeed, that powerfully attracts moisture. 
Ptnay l>e applied to this purpose. The whole is covered by the rc- 

Seiver of an air pump, which is rapidlj e>diausted; and ts aoen as 
'tis is effected, crystals of ice l>ea;in to shoot in the water, and a con- 
FsStlei'able quantity of air makes its escape, after which the wli,oteof 
^e water becomes solid. The rarefaction required is to about lOf 
^nies i but to support congelation, after it has taken place, SO oi- 
^ven 10 times are sulGcient. The sulphuric acid becomes very warnj ; 
j\A it is remarkable, that if tlie vacuum be kept up, the ice itself 
-^poralea. In five or six days, ice of an inch in thickness will en- 
ily disappear. The acid continues to act, till it has absorbed an 
iqual volume of water. 

ri elegant manner of making the esperiment is to cover tlie vcs- 

f water with a plate of metal or glass, flsed to the end of a sliding 

, which must pass tlirough the neck of the receiver, and be, at 

6'«*mc time, air tight, and capable of being dravra upwards. When 

|i(l,)«ceiver is exhausted, the water will continue fluid, till the cover 

» removed, when, in less than five minutes, needle-shaped crystals 

p ice will shoot through it, and the whole wilt soon become frozen. 

Id tiiis interesting process, if it were not for the'sulphuric acid, an 

^oephere of aqueous vapour would fill the receiver ; and, pressing 

urfaceof the water, would prevent the further production of 

But the steam, which rises, being condensed the moment it 

\ grilled, the evapoiaiion goes on very rapidly, and has no limits 
t the quantity of the water, and the diminished concentration of 
e acid*. 

s on the same principle, that the instrument invented by Dr- 

. ''iiUaston, and termed by him the Cryovharus, or Frostbeara; is 

tftwn^ledt- It may be formed by taking a glass tube, having an inter- 

• The most complete flccount oftliis newmodeof freesilng is to I 
I'ffiA Supplement, nowpuMisUing:, to the Encjxl, Brit. art. Colb. 
f See plate I". 



nal diameter of about Jtli of an inch diameter, ihe tube being b 
a right angle at tlie distance of half an inch from eacli ball. ( 
tlieae balls should be about half filled with water, and the other (d, 
be as perfect a vacuum as can readily be obtained, tlie mode ( 
tecting which is well known to those accustomed to blow glaEB. j 
of the balls is made to terminate in a capillary tube; andwhei 
water in the other ball has been boiled over a lamp a conside^ 
time, till all the all' is expelled, the capillary extremitr, thi^ 
\thich the steam is still issuing with violence, is held in theflaa 
tlie lamp, till the force of the vapour is so far reduced, that the 1 
{if the flame has power to seal it hermetically. ^ 

When an instrument of this kind is well prepared, if thee 
ball be immersed in a mixture of snow and salt, the wafer in the! 
er ball, though at the distance of two or three feet, will be fo£ 
solid in the course of a very few minutes. The vapour m 
empty ball is condensed by the commrm operation of cold ; aiiffi 
vacuum produced by this, condensation gives opportunity for a ^ 

Siuantity to arise from the opposite ball, v'itb a proportional r" 
lOn of its temperature. 



The large quantity of caloric, latent in steam, renders ita a] 
lion estremely useful for practical purposes. Thus, water i 
heated.at a considerable distance from the source of heat, by '. 
Gliin^ tlie conducting pipe e, fig. 46. This furnishes us with 
modious method of wanning the water of baths, which in 
cases of disease, it is of importance to have near the patient's 
room i for the boiler, in which the water is heated,, may thii 
placed on thegi'ound-floor, orin tliecellarofa house; and the si 
conveyed by pipes into an upper apartment. Steam may all 
applied to the purpose of heating or evaporating water, by aiu^ 
Cbtiou of tlie apparatus. Fig. 46, g, represents the apparat^' 
boiling water by the condensation of steam, without adding 
"Uantity; a circumstance occasionally of considerable import 
i^e steam la received between the vessel, which contains tne 
' to be heated, and an exterior case ; it imparts its caloric to the 
through the substance of the vessel, is thus condensed, and ru 
ttthe boiler by the perpendicular pipe. An alteration of the 
'W the vessel adapts it to evaporation (fig. 46, A). This niethi 
«VnlMrHtion t^ admirably suited to the concentration of liquids, 



injured, by a higher temperature than tli^ 
ifli as medicinal extracts; to (he drying of pre 
: ic employment of either of these vessels, it is ^ 
Kill it with some slow conductor of heat. 
ids of woollen cloth are snfEcient; and, when the ^ 
icted of a large size for practical use. this ] 
_ftobvicJi-wiirk in which it is placed. 



SECTION V. 

Specific Caloric 

EquAL weights of die same boily, at the same temperature, contam 
:^6 same quantities of caloric. Butcqual weights of jfi^^rentboilies' 
at the same temperature, contain unequal quantities of caloric. The 
Quantity of caloric, which one body contains, compared with that 
Contained in another, is called its specific caloric ; and the power 
^property, which enables bodies to retain difierent quantities of 
BMlsric, has been called capacity for caloric. The metliod of de- 
^tipining the specific caloric, or comparative quantities of caloric 
% difierent bodies, is as follows : 

It has already been observed, that equal weights of the same body, 
it difterent temperatures, give, on admiitturc, the arithmetical mean. 
Thus, tlie temperature of a pint of hot water and a pint of cold*, is, 
iflflr mixture, very nearly half way between thai of the two ex- 
tremes. But this is not uie case, when equal quantities of different 
bodies, at different temperatures, are employed. 

.(a). If a pint of quicksilver at 100° Fahrenheit, be mixed with a 
iilt of water at 40°, the resulting temperature will not be Tu" (the 
'Ithmetical meani, but onl^ GB". Here the quicksilver loses 40° of 
0^ which nevertheless raise the temperature of the water only 2(t°; 
1 other words, a larger quantity of caloric is required to raise the 
Onperature of a pin t lif water, than that of a pint ot mercury, through 
le same number of degrees. Hence it is inferred, that water has 
greater capacity for caloric than is inherent in quicksilver. 
' (6) The experiment may be reversed, by heating; tlie water to a 
r«ater degree than the quicksilver. If the water be at 100°, and 
iie mercury at 40°, the resulting temperature will be nearly SO"; 
^CBUBe the pint of hot water contains more caloric, thaa'is necessa- 
y to raise the quicksilver to the arithmetical mean. 
i[c)Laslly, if we take two measures of quicksilver to one of water, 
;'is of no consequence which is the hotter j for the resulting tem- 
erature is always the mean between the two e>Ltremes; for example, 
t)^, if the extremes be 100° and 40°. Here, it is manifest, that the 
lUtie quantity of caloric, wliich makes one measure of water wanner 
}^ 30 , is sufficient for niakin°; two measures of quicksilver warmer 
f the same number. Quicksilver has, therefore, a less capacity 
lUi water for caloric, in the proportion, when equal measures are 
Jcen, of one to two, 

Ifjiustead of e(|ual bulks of quicksilver and water, we had taken 
j^ual weights, the disparitv between the specific caloric of the mer- 
cury and water would have been still greater. Tims a pound of wa- 
ter at 100°, mixed with a pound of mercury at 40°, gives a tempera- 
ture of 97}", or 27^° above tlie aritlimetical mean. In this experi- 
ment, the wafer, beina: cooled from 100° to 97.1° has lost a quantity 
' caloric reducin;;. ils temperature only 9j° ; but lliis caVonc, com- 
lunicated to the pound of merciirv, has produced in its temperature 



herefore, I shall afate only rt few of its letutt complicated eifects ; 
md shall trace its a^ticy on different bodies, as they become the ob- 
ects of experiment m tbe sequel. 

I. Liglit, in the state in which it reaches the organ of vision, it 
s well known, is not a simple body, but is capable or being divided, 

e prism, into seven primary rays or colours, viz, red, orange, 
'allow, gi-een, blue, and violet. These are refrangible in the above 
jrdcr, the red being least refrangible, and the voilet most so. Th(r 
ina|;e formed by the different raya thus separated, constitutes the 
oiJiR SPECTRUM. If it be divided into 300 parts, the red will oc- 
ittpy 45 of these pails, the orange 2". the yellow 4S, tlie green 60, 
he indigo 40, and the violet 80. 

II. Heat and light are not present, in corresponding degrees, in 
liflferent parts of the solar spectrum. With respect to the Ulumi- 
tiUing power of each colour. Dr. Herschell found that the red rays 
tC&rfi'om having it in an eminent degree. The orange possess more 
Fit than the red; and the yellow rays illuminate objects still more 
erTectly. The ma^dmum of illumination lies in the brightest yellow 
NJiKlest e;reen. Tlie green itself is nearly equally bright with the 
Clfow ; but from the full deep green, the illuminating power decreas- 
k 'Hfvy sensibly- That of the blue is nearly on a par with tliat of 
DC red; the inaigo has much less than the blue, and the violet is vc- 
f deficient*. 
'III. The heating power of the rays follow a different order. 

—If the bulb of a very sensible air thermometer be moved in succes- 
(dtf; through the differently coloured rays, it will be found to indi- 
late the greatest heat in the rays ; next in the green ; and so on in a 
liminishiitg progression, to the violet. The precise effects of the 
liflcrent rays, determined by Dr. Herschell's experiment) 
allow: 

The thermometer rose 



In the blue 



-confiuesof red, in S| 



1 S minutes from 55' to 56° 

1 3 54 to 58 

1 3 56 to 68 

56 to ~2 

58 to 73J 



I 



IV. When the thermometer is removed entirely out of the con- 
Gneft of the red rays, but with its ball still in the line of the spec- 
trum, it rises even higher than in the red rays ; and continues to rise, 
till removed half an inch beyond the extremity of the red rays. In 
ftis situation, quite out of the visible li^nt, the thermometer rose in 
tj'ntDUtesfrom 6l to "9. The ball ofthe thermometer, employed 
"or this purpose, should be extremely smallt, and should be btacken- 
id with Inilian ink. An' air thermometer is better adapted than a 
aercurial one, to exhibit the minute cliange of temperature that en- 

• Philosophical Transactions, ISOO, page 867. 
+ Eiceltent tliermoraeters foe this purpose, and otheiB reqvjring 
«)n£tf, ure nude by Mr. Crichton, oT Glasgow, and Mr. CirpJ, of 




sues. These invisible ueat-makiieg rats may be reflected 
mirror, and rKlVacted by tlie lens, eitacll}' in the same mannep. 
raya of Usht. 

A fact hat been ascertained by Dr. Delaroche. wliicli 
point out a close connection between heat anil iin;lit, ami a _ 
passage of the one into the oilier. The rujs of invislblu heotl 
through glass witli diniculty, at a temperature below that of " 
valer; but they traverse it with a Facility alwaya increasing wil 
the temperature, as it approaches tl)e point when botlies become Iltj 
ininous. From these experiments, it would appear that the niodifit 
cation, whatever it be, which must be impressed on the invUibh 
rays, to render them capable of penetrating throuah glass, makfilr 
them approach more and more to the state in' which they mustbtj 
when they enter the eye, and occasion the sensation of vision. 

The espeiiments of Dr. Hersclicll, already confirmed by sir H« 
Engle&eld and other philosophers, were found correct in the mttD^ 
wlien repeated by Mr. Berard', the same progressive heating powen 
beinu olMerved in the rays from the violet to the red. But he found' 
tlipgreatest heatingpowerat the estremity of the spectrum, and aoH 
bojond it. He fixed it at the point, where the bulb of the th«> 
mniueter was still entirely covered by the red ray ; and tlie ther^ 
mometer sunt; progreBsively, in proportion as the distance of tti 
bulb from the red ray increased. Entii'ely out of the visible speCf 
tkrum, where Hcrschell fixed the maximum of heat, its elevatiM 
above the ambient air was only one fifth of what it had been in Ott 
red ray itself. The reflection of invisible radiant heat, Mr. Betw4_ 
found, follows precisely the same law as that of light, 

V. Kcyonil the confines of the spectrum on the otner side, vfx.a^ 
tlebeyond the violet ray, the thermometer is not aft'ected ;hut in dAf 
place it is remarkable, that there are also invisible rays of a diRisnM 

^ifld, which exert all the chemical effects of the rays of light. Vm 

with even greater energy. One of the chemical properties of li^tt 
it will hereafter be stated, is, that it speedily cliaiiges, from whtteMr 
black, the fresh -precipitated muriate of silvert. This effect is plW 
duced most rapid) j^ by the direct light of the sun ; and the rayd W 
separated by the prism, have this property in various degrees. TW 
blue rays, for example, effect a change of the muriate of silver min 
seconds, which the red require 20 minutes to accomplish ; and, ^aW 
erally speaking, the power diminishes as we recede from the vinjlf 
"'"^' nity. 3ut entirely ont of the spectrum, and beyond the vi(W 
.!]ie effect is still produced. Hence it appears, that the SbW 
►consist- of three distinct kinds of rays: of those thatcwspf 
ind promote oxidation; of illuminating rays; and of hK'SV'^ 
D on fliDKOGKNATiNG HAvs. It has lately, also, been absetr 

lay" JMorricbini, that the violet rays have a magnetising pow<^ 

it are capable of reversing the poles of a needle already ii 
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b sinking Illustration of thr rlilTcrcnt power of theTftrious kindal^H 
WJf^ is fumislied, by their eH'ect on phosphorus. In the rays boy oni^' 
Bie red pxtremitj", phosphorus is heuted, smokes, and emits whitp 
BiHiM; but these are urei^^iitly Eitpprcsscd, on exposing; it to the 
^^Hisidizing rays, ^vliich lie beyond llie viulet extremity. 
K *■ J fouQtl," says Sir H. Davy*, " that a mixture of "chlorine and 
B^drc^n acted more rapidly upon each other, combining nilhout 
nplosion, wlien exposed to tlie red rays, ihan placed in the \iotet 
inys ; but that solution of chlorine in water became solution of mii- 
Biatic acid most rapidly, when placed in the most refrangible rays 
H the spectrum. Puce-coloured oside of lead, when moistened, 
fe&dually gained a tint of i-ed in the least refrangible rays, and at 
bat became black, but was not affected in the most refrangible rays; 
End the same change was produced by exposing it to a current of 
Bfdrt^en gas. The oside of mercury, procured by a solution of 
Hotftsh and"^ calomel, exposed to the spectrum, was not changed in 
Hie most refrangible rays, but became red in the least refrangible 
BueB, which must have depended on its absorbing oxygen. The vio- 
■etrays produced, upon moistened red oxide of mercury, the same 
Efects as hydrogen gas." 

E The experiments of Berardt confirm those of Ritter and Wol- 
BtttUQ. To show the disproportion between the energies of the dif- 
Krent rays, he concentrated, by means of a lens, all fliat part of the 
Etwetrum, which extends from the green to the extreme violet ; and, 
fc". another lens, all that portion, which extends from the green to 
Kne extremity of the red. In tlie focus of this last, though intensely 
Imght to the eyes, muriate of silver remained above two houre un- 
Mtered ; but in that of the former, though much less bright, it was 
■lltekenerl in less than six minutes. 

Hk. VI. There is an exception however, as stated by Dr. Woltaston, 
Bb the de-oxidizing power of the rays above-mentioned. The sub- 
Etance, termed ^m-guaiacum, has the property, when exposed to 
Wi» 1*^*' "^ bemg changed from a yellowish colour to green ; and 
BMsenect he has ascertained to be connected with the absorption of 
ns^en. Now in the most refrangible rays, which would fall beyond 
Bhte violet extremity, he found that this substance became gi^en, and 
nu again changed to yellow by the least refrangible. This is pre- 
B^aely the reverse of what happens to muriate of silver, which is 
nii£Kened, or de-oxidized, by the most refrangible; and has its co- 
HoUr restored, or is again oxygenized, in the least refrangible rays. 
W- Til. Certain bodies have the property of absorbing tiie rays of 
H^ihtin their totality ; of retaining tliem for sometime^ and of again 
MVolving them unchanged, and unaccompanied by sensible heat. 
■'illUB, in an experiment of Ou Fay, a diamond exposed to the sun, 
■and immediately covered with black wax, shone in tlie dark, on re- 
KlDOvingthe wax, at the expiration of several months, i bodies, gift- 
Eed with this property, are called soi.ar phosphosi. Such are Caa-^ 
(100*8, Baldwin's, Romberg's, and the Bolugnian phosphor!, win * 
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viWl he <lc=(.nljc(l lici«at'tcr. To tUr same das^ belong u 
ml bodies, v<lucli retain light, and give it oul unchanged. ' 
is H natural sular phosphorus. So also is, occasJonalTj'. th 
agitateil; putrid fish haves similar propertj; and the g 
belongs to ihe same class. These phenumena are iDdejH 
every thing like combustion ; Tor artificial phosphor!, after 
to tjte sun's rays, shine in the dark, when placed inthe vaciA 
a'ir-pumj), or under water, Slc. wlieie no air is present i 
combusiton. 

VIII. From solar phosphori, the extrication of light is f 
by the application of an elevated temperature ; and, aftei 
ceased to shine at the onlinary temperature, they again t 
when exposed to an Inereaae of heat. Several bodies, whic 
otherwise give out light, evolve it, or become phosphoresces 
heated. Thus, powdered fluate of Hmc becomes luminoid 
thrown on an iron plate raised to a temperature rather abO''' 
boiling water; anu one of its varieties, known to mineral) 
der the name of chloropkanf, gives out abundantly an emer 
light by the mere heat of the liand ; and afier beingespus* 
sun, or even to a candle, continues to shine in a darkplactt 
time*. The yolk of an egg, when dried, becomes luminous,* 
healed; nndsoiilso does tallow during liquefaction. Toei 
last mentioned fact, it is merely necessary to place a lump 
on acoul, heated below ignition, making the experiment ' 
room. 

IX. Attrition, also, evolves light. Thus, two pieces of 
bonnet cane, rubbed strongly against each other in the i'""' 
faint light. Two pieces ot borax have the same property 
remarkably. 

X. Light is disengaged in various cases of chemical comKi 
Whenever combustion is a part of the phenomena, this b 
known to happen; but light is evolved, also, in other inslanci 
where nothing like combustion goes forward. Thus, Iresh prepare 
pure magnesia, added suddenly to highly concentrated sulpnuT 
acid, exhibits a red heat. 

XI. For measuring the relative intensities of light from vaii* 
sotm^es, an instrument has been contrived, called the photomeT^ 
That o( Count Rumford, described in the 84th volume of the 1%! 
sophicai'^^^ansactions, beio^ founded on optical principles, does l 
fall strict ly^witllin the province of this work. It is constructedl 
the princi[Ae, that the power of a burning body, to illuminated 
defined space, is directly as the intensity of the light, and iuvers' 
as the squar^ of the distance. If two unequal lights shine on 4 
same surfaceVt equal obliquities, and an opaque body be interpoA 
between eadr of them and the illuminated surface, (he two shada^ 



must diffeijLin intensity or blackness; for the shadow formed by S^ 
tcixepting^egreater light will be illuminated by the lesser Ifej 
only; anu,) reversely, the other shadow will he illuminateil by t* 



• Thomson's Annals, i\. 



ler liglit; that is, tlic stronger light will be attenitctl with tl 
er sliaddw. But it is easy, by removing the stronger light to 
ler distance, to render tiie sliiidow, which it produces, not deep- 
an that of the smaller, oi' of precisely the same intensity. Tins 
lizatiun bein^ effected, the quantity of light emitted by ead» 
'\, or candle, wiU be as the square of the distance of the burning 

from the wliite surface. 

le photometer of Mr. Leslie is founded on a different principle, 
that light, in proportion to its absorption, produces heat. Tlie 
ee of heat produced, and consequentl;^ of light absorbed, is niea- 
I by the expansion of a confined portion ofair. A minute des- 
ion of the ingenious instrument contrived by Mr. Leslie witli 
piew. may be seen in his work on Heat, or in the 3d vol. of Ni- 
ion's 4to. Journal. In its construction, it bears a considerable 
nblance to the differential thermometer, already described, page 
ind represented plate i. fig. 7. As both the balls of the latter 
^ment, however, are transparent, no change ensues in thesitua- 
pfthe coloured litjuid when it is exposed to the variations ef 
. fiut, in the photometer, one of the balls is rendered opaque, 
IT by tinging tlie glass, or by covering it with a pigment ; and 
es tilts ball, absorbing the incident light which passes freely throu^ 
ransparent one, the air included in it becomes warmer tlian that 
e other ball, and, by its great elasticity, forces the liquid up the 
aitelegof the instrument. A graduated scale measures the 
int nf tjie ellect ; and a glass covering defends the photometer 

being influenced by the temperature of the atmosphere. 1 

|ie important discoveries of Malus, respecting the polarisation' J 
^t, scarcely fall within the province of this work, and I refer,! 
jfore, for a popular statemeni of them to the 33(1 vol. of Niciiol- 
I lournnl, p. 344. 
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Of the apparatus for Gases. 



DB performing the necessary experiments on gases, many arli- 
of apparatus are essential, that have not hitherto been describ- 
It may assist the student in obtaining the necessary instru- 
B, if a few of the most essential be here enumerated. In this 
;, however, I ghall mention such only, as are necessaiy in mafc- 

a few genefftl expeiinientH on this interesting class of bodies. 



a lew genefftt 

mL 



Tlie »|ip3ratiis, ri;(|uir^il for expeiiments an t^usGii, cotit 
of vessels littcU fur cutitainins the inatenak tli.it aftbrtl __. 
partly of veaseta aiUpted fur Uie reception of gases, und for 
tin^j; them tii experiment. 

I. For procuring utich ganes as arc prmliiciUe mtliout 
etrong heat, sin.ia buttles, tiirnigheil ivitli ground stuppery s 
tubes, are suniuient (plalc li. %. 18}. Uf thuse several will 
(juired, of difTercnt sizes und shapes, adapted to dil&rent 
If these cannot be procured, a FItireticc flask, with a cork 
ed, by a bent glass tube, or even by a tin pipe, will aeive fori 
ing some of the gases. 

riione gasea that re(|uiie, for their liberation, a red heat, 
procured, hy exposing to heat the aubstance capable of a 
them, in parthcra retorts or tubes ; Or in a gun barrel, the'i 
hole of which has been accui-ately closed by an iron pin. 
mouth of the barrel must be affixed a glass tube, bent so as' 
vey the gases where it fnay be requisite. 

A very convenient apparatus, for obtaining such gases as 
be disengaged without a red heat, is sold at the shops for philoSi , 
cal apparatus in London. It consists of a cast-irun retort, hanfig 
a iiiinted metallic conducting tube fitted to it by griodinz ; by meuis 
of which tlie gas may be conveyed in any direcbon, and to anyiDOr 
derate distance. It is represented as placed, when in actual ita^ 
between the bars of a common fire-grate (plate is. fig. B5, a, ft.) ' 

3. For receiving the gases, glass jars, of various sizes (figs. SI, 
22, 23), are required, some of which should be furnished with neckl 
at the tup, fitted with ground stoppers. Others should be provided 
tvith brass caps, and screws, for the reception of air-cocks (fig-3^. 
Of these last (the air-cocks}, several will be found necessary; ata, 
to some of them, bladders, or elastic bottles, should be firmly tied, 
for the purpose nf transferring gases. These jars will also be fomiil 
extremely useful in experiments on the properties and effects of the 
gafes. ^omc uf them should be graduated into cubical incheS' 

To contain these jars, tvhen in use, a vessel will be necessSry, 
capable of holding a few gallons of water. This may either M tf 
wood, if of considerable size ; or, if small, of tin, japanned or pBthV 
cd. ^latciv. fig. -41, //exhibits a section of this apparatus, wMdb 
lias been termed the pneumato-chemical trough, or pneumatic 'CU 
tern. (*s size may vary with that of the jars employed ; and, '^ 
two or tftree inches from the top. it should have a shelf, on 
the jars mW be placed, when filled with air, witliout tlie risk of' 
ing overseU. In this shelf should be a few small holes, to which S 
verted funinela may be soldered. 
" A glasa/tube, about 18 inches long, and three quartere of an i^^' 
■ dial neieijf (fig. ^4,) closed at one end, and divided into cubic inel** 
and t( nttis of inches, will be required for ascertaining the purity 
air hy i5iiV '•ii^ ;;a3. It should be accompanied also willi a small iff* 
surr:, cnriflri.ninK abon' two c'jbic incfies, and similarly gvadusf'^ 
See eoipWiying the soluiioa of nitiuiis gas in liquid auijihate of ir*''^ 
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tubes, about five indies long, and half an indi wide, divided 
iedmallyj are also necessarj. besides these, the experiRietitalist 
JlifUld be furnished with air funneU, [fig, 19,) for transferriug 
asea from wide tu narrow vessels. 

Ad apparatus, almost indispensable in eKperiments on this class 
rbodies.is a gazdmeter, which enables the chemist to collect and 
1 presei-ve lar^e quantities of E^''> ^ith tlie aid of onljr i f^" pounds 
F water. In tlie form of this apparatus ther* is considerable varie- 
f i but, at present, I have no other view than that of explaining its 
eneral construction and use- it consists of an outer fixed vessel d 
ilateiv. fig. 35), and an inner moveable one c, both ofjapantiediron. 
te latter slides easily up and down within the other, and is sus* 

loded by cords paasmg over pulleys, to which are attached the 
ipuaterpoise, ee. To avoid the encumbrance of a great weight of 
'liter, the outer vessel d is made double, or is composed of two cy- 
ders, the inner one of which is closed at the top and at the bot- 
. The space of only about half an inch is left between the two 
^Unders, as shown by tne dotted lines. In tl)is space the vessel c 

tmove freely up and down. The interval is filled with water as 
as the top of the inner cylinder. The cup. or rim, at the lop of 
^^^ outervesael, is to prevent the water froui overflowing, when the 
wel c is forcibly pressed down, in which situation it is placed 
^never gas is about to be collected. The gas enters from the 
reseel in which it is produced, by the communicating pipe b, and 
^vastR along the perpendicular pipe marked by dottea lines in the 
ientre, into tlie cavity of tne vessel e, which continues rising till it 
^1 full. 

Tu transfer the gas, or to apply it to any purpose, the cock h Is to 
t shut, and an empty bladder, or bottle ol elastic gum', furnished 
'ith a stop cock, to be screwed on a. When the vessel c is pressed 
awa with the hand, the gas passes down the central pipe, which it 
id before ascended, and its escape at b being prevented, it finds its 
ytvi up a pipe which is fixed to the outer surface of the vessel, and 
^ch is terminated by tlie cock a. "Ry means of an ivory moulh- 
' H:e screwed upon this cock, the gas, included in the instrument, 
ty be repaired ; the nostrils being closed by tlie fingers. When 
lis required to transfer the gas into glass jars standing inverted in 
'ater, a crooked tube may be employed, one end of which is screw- 
i upon the cock b; while the other aperture is brought tender the 
iverted funnel, fixed into the shelf of the pneumatic trough. (See 
g. 41,c.) 

Several alterations have been made in tlie form of this apparatus ; 

lut they are principally such as add merely to its neatness and beau- 

vj, ana not to its utility ; and they render it less easy of explana- 

^in. The counterpoises ee are now, generally, concealed m the 

iiniog, and Ihe vessel c is frequently made of glass. 

When large quantities of gas are required (as at a public lecture}, 

e gas-holder, (plate iv. fig. 3G), will be found extremely useful. It 

made of tinm:d iron plate, japanned both within and without. 

wo short pipes, a and c, teiioiiiated by cocks, proceed from its 

s Voi.!-^ 
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BirJe<i, nnil nnut!i<!r, h, passes throii^ tlie middle of llie top nr d 

to which it IS siiIHered, arid reaches within half an inch of tlw 

tom. It will befuund convenient al«n tu have an airlock, w 

very wide bore, fixed ti> the funnel at h. Wlien gas is to b&'M 

feried into this vessel from the gflinmetcr, tlie vessel is fir»M 

liletelj" filled with water through the funnel, tlie cock a t)eiitt| 

open, and c shut. Ily means of a horizontal pine, the apertlufl 

connected with n of the gazometer. The cock o being shut. aM 

are open, and the vessel c of the gazometer (fig. 9^). gently pM 

[ downward^) witli the hand. The gas tlien descends Tram <h«M 

Rietev till the nii^holder is full, which may be known by tltCiB 

ceasing to escape, throu;;h the cock c. All the cucks are tlienfl 

shut, and the vessels disunited. To apply this gas to anypitifl 

an empfy bladder may be screweii on « ; and water being m| 

througn the funnel b, a corresponding tiuantity of gas is forcefl 

the bladder. By lengthening the pipe b, the pressure of a coifM 

water may be added : and the gas being foired through a wjlM 

siderable velocity, may be applied to tlie purpose of a bluw-pi)M 

I &c. The apparatus admits of a variety of modiUcations. Thw 

I useful one appears to me to be that contrived by Mr. Pepys>;a| 

in^ chiefly in the addition of a shallow cistern (e, plate is. fie. d 

I the top of the air-holder, and of a glass register tube J", wliio&d 

the height of the water, and consequently the qaantity uf gaaijH| 

I vessel. A more minute account of it wdl be given in the lieM 

' tion ofthe ninth plate'. .1 

The ga^eooieter, already described, is fitted only for the recefl 

of gases that are confine.ible by water; because ((uicksilver M 

act nn the tinning and solder of the vessel, and would not udj 

epoiled itself, but would destroy the apparatus. Vet uh iastnM 

oFthiskind, in which mercury can be employed, is peculiarly il3 

ble, on account of the great weight of thatliuitl ; and two vu9 

of the mercurial gazometer have therefore been invented. Thd 

i Af glass, is the contrivance of Mr. Clarfield, and may be seeagi 

B Sented in the plate preiiied to Sir H. Davy's Uesearches. td 

fcwher, inventetl by Mr. Pepya, the cistern fur the mercury ia t^M 

^mnn. A drawing and description of it may be found in the 3^| 

^pfthe Philosophical Magazine ; but as neitlicr of these instruM 

Hire essential to the chemical student, and as they are requiredfl 

Ibexneriments of resenrdi, I deem it sulficient to refer to the mfl 

^■K^Kioiis of their respective inventors. Mr. Newman has ]■■ 

^^^^KiL gazometer of this kind to an improved mercurial trougQ 

^^^^PBirwhich the advantages of both are obtained with onl^fl 

^^^^Rhd? of quicksilver. A description and drawing of thifljfl 

^^^HMfetven in the Journal of Science and the Arts, i. 1 80. ^ 

l^^^rffiose gases that are absorbed by water, a mercurial Irainl 

Bl^Cegsary. for the mere exhibition of a few experiments on tfl 

KOndeneible gases, a small wooden trough, U inches long, two M 

W ^/p^'^ptiaas uid Hgurcii of improved gns-hulilcra ma}- be seen tlno^B 

■ lUi, 34tb, 3rtii, and 44Ui "oU. uf the philosopkical Uagiuiiic. V 



and two deep, cut out of a solid bli>ck of mahogany, is fiufficL 
but for expcnmeots of reaeaj-ch, one of cuasiderable aJze is reqaia 
(See plate iii. Bg. S I,/./.) ^ 

Tlie apparatus, re<]aievd for subiuititng gases to the acfirtn of dec- 
tlieitij, la shown in plate ix. fig. 84 ; where a represeuts the koub of 
-(h« prime conductur of an electrical machine ; b a Leydeu jar. the 
haM of which is in contact with it, as when in the act of charging; 
iftndc the. tube standing iavei-ted in mercury, and partly fiUed with 
ps. The mercury is contained in a strong wooden bin d, to whicK 
18'SCrewed the upright iron pillar e, with a sliding collar for securing 
ihe tube c in a perpendicular position. When the jar b is charged 
toi certain intensity, it discharges itself between Ihe knob a and the 
knall ball t, which, with the wire connected with it, may be occasion- 
ally fitted on the top of the tube c. The strengtli of the shocks is 
Regulated by the distance between a and i- 

■ By the same apparatus, inHammable mixtures of gases may be ex- 

ploued by electricity. In this case, however, the jar b is uniicccssa- 

xy, a spark received by i from a being sulKcient to Kindle the mixture. 

' -The method of weighing gases la very simple, and easily pi-ac- 

wd. Pur this purpose, however, it is DeceesDry to be provided 

ith a good air-pump; and with a globe or flask, furnished with a 

rrass cap and air-cock, as shown fig. ^2, b. A graduated receiver is 

.bo required, to which an air-cock is adapted, as shown at fig. ii, a. 

Supposing tlie receiver a to be filled with any gas, the weight of 

rbich is to be ascertained, we screw tite cock of the vessel b on the 

iransfer plate of an air-pump, and exhaust it as completely aspossi- 

ik. The weight of the exhausted vessel is then very accurately 

Iftken, even to a small fraction of a grain; and it is screwed upon 

the air-cock of the receiver a. On opening both cocks, the last of 

'"■fcich should be turned very gradually, the gas ascenda from the 

nsel a ; and the quantity, winch enters into the flask, is known by 

K graduated scale on a. On weighing the vessel a second time, we 

Kertain tioiv many grains bave been admitted. If we have ope- 

' d on common air, we shall find its weight to be at the rtLte of 

It S0.5 grains to ItJO cubical inches. The same quantity of oxj- 

^^as will weigh about 34 grains, and of carbonic acid gaa upwaruit 

Mr grains. 

■^'lO experiments of this kind It is necessary either to operate witii 
the barometer at 30 inches, and the thermometer at 60° .Fahrenheit, 
if to reduce the volume of gas employed to that pressure and tem- 
((tmtui-e, by rules which are given in the Appentiii. Great care is 
ibA taken, also, not to warm any of the vessels by contact with the 
"Ads, from which they should be defended by a glove. On opening 
b communication between the receiver and tlie exhausted globe, it 
my water he lodged in the air cock attached to tlie former, it will be 
«rcibly driven into the globe, and tlie experiment will be frustrated, 
fhis may be avoided by using great care in filling the receiver with 
Vrater, before passing into it the gas under examination. 

The specilic gravity of any gas compared wilh common air ] 
eadily kuown, when we have once determined its absolute w«r" 



Thus if 100 cubic inches i>r air welj^h 30.5 grains, and tl 
Quantity of oiygen gas weighs 34 grains, we say, 
30.5:34;: 1.000 : 1.1147. 

The specific gi-avity of oxygen m will therefore be as 1-11 
1.000. We may determine, also, the specific grnvity of gases, 
simply, by weigliing the flask, first wlien full of common a! 
again when exhausted ; and afterwards by admitting into it & 
of the gas under examination as it will receive i and weigh' 
third time. Now as the loss between the first and second w 
is to the gain of weight on admitting tlie gas, so is commoi 
the gas wTiose specific gravity we are estimating. Supposingfil 
ample, that by exhausting the flask it loses S0.5 grains, and t' 
admitting carbonic acid it gains 47 ; then 

30.5 :47 ;: 1.000 1.5409. 
The specific gravity of carbonic acid is therefore 1.5409, a 
taken at 1.000. And knowing its specific gravity, we can, v 
any fai'therexperinient, determine the weight of 100 cubic inu 
carbonic acid ; for as the specific gravity oT air is to that of cu 
acid, so is 30.3 to the number required ; or 

1.000 : 1.5409 ::S0.5 : 47. 
One hundred inches of carbonic acid, therefore, wil 
grains. 

Previously to undertaking experiments on other gases, it n 
well for an unpractised experimentalist to accustom himself tf 
dexterous luiiimgement of gases, by transferring common 
one vessel to otliers of diil'crent sizes. 

1. When a glass jar, closed at one end, is filled with i 
lield with its mouth downwards, in however small a quantity 4 
ttr, the fluid is retained in its place by the pressure of the a' 
phere on the surface of the exterior water. Fill in this m: 
invert, on the shelf of tlie pneumatic trough, one of the j 
is furnished with a stopper (fig. 23). The water will ren 
jar so long as the stopper is closed ; but immediately on reihm 
the water will descend to tlie same level within as without : 
now pressed, enually upwards and dowuwaixls, by the atm( 
and falls therefore in consec|Uence of its own gravity, 

2. Place the jar, filled witli water and inverted, over one I 
funnels of the shelf of the pneumatic trough. Then take a 
jar, filled (as it will be of course) with atmospherical air "' 
latter with its mouth on tlie surface of the water : and t 
in the same position below the surface, the included air will t., 
in its situation. Bring tlie mouth ufthe Jar beneath the funnel i) 
thelf, and incline it gradually. The air ^ill now rise in huk- 
ttirough the funnel, into tlie upper jar, and wilt expel the wateifi 
itinto the trough. 

3. Let one of the jars, provided with a stop-cock at the 
plar.ed full of air on the shelf of the trough. Screw upon./ 
«mptr bladder ; open the communication between the ' 
bladder, and press the former into 'the water. The a 
pass into the bladder, till it ia filled ; and when the bladder is n 



moved from tJic jar, amt a pipe screwed upon it, the air may be again 
transfeiTed iuto a jar inverted in w.ater. 

4. For the purpose of transferring eases from a wide vessel stand- 
ing over water, into a small tube tiMea with and inverted over mcr- 
eiiry, I have long used the following contrivance of Mr. Cavendish. 
A tubc.eiglit or ten inches long, and of very small diameter, is drawn 
«at to a fine bore, and bent at this end, so as to resemble the 
italic letter L The point is then immersed in quicksilver, which is 
drawn into the tube tilt it is filled, by the action of the mouth. Plac- 
ing the finger over the aperture at the straight end, the tube, filled 
with quicksilver, is neit conveyed through the water, with the bent 
end uppermost, into an inverted jar of gas. When the finger is re- 
novea, the quicksilver falls from the tube into tlie trough, or Into a 
-cup placed to receive it, and the tube is filled with the gas. Tlie 
jrhole of the quicksilver, however, must not be allowed to escape ; 
but a column must be left, three or four inches lone, and must be 
iept in its place by the finger. Remove the tube from the water ; 
m an assistant dry it with blotting paper ; and introduce the point 
of the bent end into the aperture of the tube standing over qtiick- 
Bilver. On withdrawing the finger from that aperture which is now 
uppermost, the pressure of the column, of quicksilver, added to the 
weight of the atmosphere, will force the gas from the bent tube into 
tile one standing in the mercuiial trough. 

On every occasion, when it is necessary to observe the precise quan- 
tity of gas, at the commencement and close of an eicperiment, iti$ es- 
sential that the barometer and thermometer should exactly corres- 
itond Bt both periods. An increased temperature, or a fall nf tho 
barometer, augments the apparent quantity of gas ; and a reduced 
.temperature or a higher barometer diminishes its bulk. Another 
orcumKtance, an attention to which is indispensable in all accurate 
<^ienments, is that the surface of the finid, by which the gas is 
omfined, should be precisely at the same level within and without 
tite jar. If the fluid be hidier within the jar, the contained gaa will 
twi ttnder a less pressure than that of the atmosphere, the weight of 
irhich is counterpoised by that of the column of fluid within. In 
aercury, this source of error is of very considerable amount ; as 
■Dl^ptirson may be satisfied by pressing down, into quicksilver, a 
"»e partly filled with that fluid, and partly with air, for the volume 

'■ the air will gradually decrease, the deeper the tnbe is immersed. 

In experiments on gases, it is not always possible, however, to bc- 
gm and conclude an experiment at precisely the same temperature, 
or with the same height of the barometer ; or even to bring the mer- 
cury witliin and wi^out the receiver to the same level. In these 
cases, therefore, calculation becomes necessary ; and with the view 
of comparing results more readily and accurately, it is usual to re- 
duce quantities of gas to the bulk they would occupy under ooe. 
given pressure, and at a given temperature. !n this country, it h\ 
now customary to assume as a standard 30 inches of the barometer., 
and GO" of Fahrenheit's thermometer: and to bring, to these stand- 
ards, ubservatiuns made under other degrees of atmospheric pressure. 
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APPARATUS FOR GASSE9* 



GHAP. V. 



TABLE OF THE SPECIFIC GRAVITY OF GASES*. 



Barometer 30. Thermometer 60 ®. 



Naxes of Gasea. 




Atmospherical sdr . . ' 
f Oxyg-en gas 
Ditto . . . 
Hydrogen gas 

L Nitrogen gas 
Caloric gas 
Ammoniacal gas 




CO ^ 



CO 

o 



?3 
O 



Vi 

-a 
O 



m 
in 

a 
O 

o 

< 



Carbd. Hydr. from stagnant water 0.666 

defiant gas 0.974 

Phosphureted hydrogen . . . 0.852 

Ditto 0.435 

Hydro- phosphoric Gass . . . 0.870 
Sulphureted hydrogen .... 1.177 

Ditto 1.231 

Arsenureted hydrogen . . . 0.529 

Vapour of alcohol ..... 2.100 

^Ditto of sulphuric ether .... 2.250 

rCarbonic oxide 0.967 

J Nitrous oxide 1.614 

\ Nitrous gas 1.049 

Loitto 1.0388 

"Carbonic acid 1.518 

Ditto 1.5495 

Muriatic acid ....... 1.278 

Nitric Acid 2.425 

Sulphureous acid 2.193 

Ditto 2.303 

Phosgene gas 3.3894 

Sihcated fluoric 2.990 

v^Fluoboracic 2.370 



Authority- 



1.0000 

1.1088 

1.10359 

0.7321 

0.9691 

2.5082 

0.5960 



Grains. 
30.50 
33.82 
... 
2.23 
29.55 
76.50 
18.18 
2J.66 
29.72 
25.98 
13.26 
26.53 
35.89 
38.17 
16.13 
^5. 
70. 
30.19 
49.22 
32. 

31.684 
46.31 
47.26 
38.97 
76. 
66.89 
70.24 
105.97 
91.19 
72.31 



Shuchburgh. 

Allen and Pepys^ 

Biot and Arago, 

Ditto. 

Ditto. 

Da^-y. 

Allen and Pepys. 

Dalton. 

Thomson. 

Dalton and Henry. 

Davy. 

Ditto. 

Ditto. 

Thenard. 

Tromsdoi-ff 

Dalton. 

Ditto. 

Cruickshank. 

Davy. 

Ditto- 

Berard. 

Saussure. 

Allen and Pepys. 

Davy and Biot, 

Davy. 

Ditto. 

Gav Lussac. 

m 

John Davy. 
Ditto. 

Ditto. 



II. The determination of the specific heat of gases is a difficult 
and important problem, which has successively employed the la- 
bour and ingenuity of Crawford, Lavoisier and De la Place, Leslie, 
Gay Lussac, Dalton, and Delaroche and Berard. The results of 
the two last-mentioned philosophers, having been attained with th^ 
advantap:es of the improved state of the science, and of instruments 
of the greatest delicacy and refinement, are perhaps most entitled to 
confidence. The details of tlieir experiments are given in the 85thL 
volume of the Annalcs dc Chiniie, preceded by an historical review 
of the labours of their predecessors. The following Table contains 
the general results. 

* Gay Lussac's Table, which is more copious, but in which the niimben 
are not reduced to a mean of the barometer and thennometer, is copied into 
Thomson's Annals, ix. 16. ; a Table by Professor Meinecke of Halle is inserted 
>n tlio Jonviial of Sricnco. 5cc. jii, 'tl5. 



OEKBRAL PROPXBTIBS OV GASES. 
TABLE OF Tim SPEdlFlC HEAT OP SOME GASES. 



weighta- 
1.0000 

12.340 
0,8ti48 
1.0318 



1.0000 
0.0732 
1.103S 

0.9691 
1.3209 



volumes. 
l.(WUO 
0.9033 
0.9765 
1,0000 
1.3503 
1.5530 
1.0340 
1.2583 



III. tSll solid bodies, that possess a certain degree of porosily, are 
t/iable of absorbing gases. This was first observed in cliarcoal, the 
Dwer of which to condense (Uflt;rent gases will be fully described 
1 tile section on t)iat aubstaucc. It has been found, also, bj Satis- 
>re,jun. to belong toastone called meerschaum, to adhesive slate, 
Vestos. rack cork, and other minerals ; and to raw silk and wool, 
lie following general principles are deducible from the experiments 
r SausBure'. 
1. It is necessary to deprive the solid of the air which it natural- 
ly contains. Whenofa nature not to be injured by heat, this is most 
^Bectually done by igniting the solid, and quenching it under mei^ 
,ciiry, where it is to h« kept, till admitted to a given vuTume of the gaa 

be absorbed. Solids that ai-e decomposible by heat may be de- 
rived, though less effectually, of air, by placing them under a receiv- 
r, which must then be exhausted by die air pump. 

3. The same solid absorbs different quantities of different gases. 
iharcoalfirjostarice condenses 90 times its bulk of ammuaiacal gas, 
imtl not quite twice its bulk of hydrogen. 

3. Solids ; chemically the same, absorb different quantities ofthe 
torae gas, according; to their state of mechanical aggregation. Thus 
he dense charcoal of box-wood absorbed 7J volumes of air, while 

1 light charcoal prepared from cork, did not absorb a sensible quan- 

ity- 

' 4. Different solids absorb different quantities of the same gas ; the 

~ tatity of carbonic acid absorbed by charcoal being about seven 
IM greater than that absorbed by meerschaum. 

''S; When the solid exerts no chemical action on the gas, the ab* 

nrptioD is terminated in 34 or 36 hours. 

r 6. The effect of moistening the solid is to retard the absorption 
tnd to diminish its amount; and when a gas has actually beenabsorb' 
pM, it is again driven out unchanged, partly by water ofthe ordinary 

Unperature, and entirely by exposure to a boiling heat. 

-7. During the absorption of a gas by a solid, the temperature' of 

He latter rises several degrees, and bears a proportion to the absor- 

ability of the gas, and the i-apidity with which it is condensed. 
■ 8. Solids condense a greater number of volumes ofthe more absorb* 

ble gases under a rare than under a dense atmosphere ; but if tbBi 
• Thomson's AodeJi, v 
Vol. I*— Q. 



of electric light ia always in a direct proportion to the den^ty v 
gsB, and in the inverse proportion to tlie conilucliiig power r' 
gas for electricity. 

VII. The compnrative soniferous properties of the gases have J 
determined by Messrs. Kerby anil Merricit ; but asi these li^ 
rather to mechanical than to chemical science, 1 shall conteuLj 
self with referring to the account of (hem in the £7th and SsJ 
times of Nicholson's Joarnal, and in the 43th volume of theFl^ 
pliical Maga-Mne. 



Oxygen Gas. 

We have no knowledj^e of the properties of oxygen i 
complete separation, in the most simple form, under which « 
procure it, it is combined with caloric, and probably with ligli^ 
electricity, constituting osygeii gas. 

I, Oxygen gas vtay be procured from various substanceB. 

1. From the black oxide of manganese, heated to redne 
barrel, or in an iron or earthen retort ; or, from the same oxit]e,B 
edbva lamp in a retort or gas bottle, with half its weight of bT 
tulpnuricacid. ^ 

S. From tlie red oxide of lead (the common red lead used by a 
tr»), heated either willi or withimt sulphuric acid. 

3. From various other oxides, as will be liereafter mentioned 

4. From nitrate of potash (common saltpetre) made red-hol 
jjun-barrel, or in an earthen retort. 

5. From oxy-nuriate of potash, heated in a small glass t 
over an Argand's lamp. The oxygen gas titus produced, is. 

Surer than that obtained in any other mode, especially the lat 
ons. which should be kept separate. 

All these substances, after having yielded oxygen gas, are ji 

considerably diminished Id weight ; and calculating each cublcu 

of gas to be equal to one third of a grain, the loss of weight vrS 

foond pretty exactly equivalent to that of gas generated. 

jl. This gas has the following properties ; 

1. It is not absorbed by water*; or, at least, is so BparinaW 

id, that, when agitated in contact with water, no perceptW 

"-- takes place. I 

rather heavier than common air. Sir H. Davy origin 

'cubic inches at ^5° Falirenheit, and 30 inches of the ^ 

in several oilier instance », where a gas is said not U. 

fiitttrtion i« not lo bt tftken stnclJy, but rnertl> as 

d Hifiiculilj- appreeinblc portion is luhsorbed, 

■• -TMabsortedby water is) suited in chap, vi, ai 



er, tft weia;h 35.06 grains ; and af llic (emperattire of 60°, the 
e quantity would weigh S4.70, or, according to the same autlior. 
is Elements of Chemical Philosophy, 34 grains. Messrs. Allen 

llii Pqiys have determined ItJO cubic inches to weigh 3 J.Sa grains, 

» barometer hein^ 30, and thermometer 60°. By Biot and Arago 

» specific gravity is stated to be 1-10359. 

' S- •Sll combustible bodies biuii in oxggen gas with greatly inereaS' 

fiplmidour. 

(a) A lighted was taper, fised to an iron wire, and plunged into a 
eaeelorthis ^s, burns with great brilliancy, pi. iv. %. 38. IT the 
aper be blown out, and let down into a vessel of the gas while tlie 
nnff* remains red hot, it instantly rekindles, with a sligiit explosion. 

(b) .\ red-hot bit of charcoal, fastened to a copper wire, and im- 
nersed in the gas, throws out beautiful sparks. 

(c) The light of phosphorus, burnt in this ^, is the brightest that 
an be in any mode produced. Let the phosphorus be placed in a 
mall hemispherical tin cup, which may be raised by means of tlic 
■Ire stand, pi. ii. tig. 25, two or three inches above the surface of 
nter contained in a broad shallow dish. Pill a bell-shaped receiv- 
1% having an open neck at tlie top, to which a compressed bladder is 
rmly tied, with oxygen gas ; and, as it stands inverted in wat^r, 
■ress a circular piece of pasteboard, rather eKceeding the jar in dia- 
Uter, over its mouth. When an assistant has set fire to the phos- 
koTua, cover it instantly with the jar of oxygen gas, retaining the 
Asteboard in its place, till the jar is immediately oyer the cup. 
Vhen this has been skilfully managed, a very small portion only of 
'le gas will escape; and the inflammation of the phosphorus will 

! extremelv brilliant. The expanded gas rises into the flaccid 
a^der, and is thus prevented from escaping into tlie room, and 
..wing disagreeable by its suffocating smell. 

.^d) substitute, for the phosphorus in experiment e, a small ball 

ptmed of turnings of zinc, in which about a grain of phosphorus is 

0be inclosed. Set fire to the phosphorus, and cover it expeditious- 

tiiwith the jar of oxygen. The zinc will be inflamed, and will 

D with a beautiful white light. A similar experiment may be 

1 metallic arsenic, which may be moistened with spirit of 

^ntine. The filings of various metals may also be inflamed, by 

King them in a smail cavity, formed in a piece of charcoal, ignit- 

[ the charcoal, and blowing, on the part containing the metal, a 

'earn of oxygen gas. 

(e) Procure some thin harpsichord wire, and twist it round a slen- 
ler rod of iron or glass, so as to coil it up in a spiral form. Then 
withdraw the rod, and tie a little thread or flax round one end of the 
'irtr, for about one 20th of an inch ; which end is to be dipped into 
netted sulphur. The otiier end of the wire is to be fi\ed into a 
cork; so that the spiral may hang vertically (fig. 39). Fill, also, 
vith oxygen gas, a bottle capable oT holding about a quart, and set it 
nth its mouth upwards. Then light the sulphur, and introduce the 
nte into tlie buttle of gas, suspending it by the cork. The iron 
will burn with a most brilliant light, throwing out a number of sparks. 



nliich fall to theboltom ofllie bof lie, anil generally break 
uccident, however, may frequently be preveiittU by pouring 

to tiie bottle, so as to lie about half an inch devp on (he bottotli . 

pi. iv. Ag. SS). According to Mr. Accum*, a (hick piocc of iron 0[n 
s(«el, such as a file, if made sharp pointed, mny be Iwrnt in osygM^ 
gas> A small bit of wood is fo be stock upon its extrnmity, ,iuia 8^ 
on fire, previously to immersion in the gas. .. 

(JT) A little ofHomberg's pyniphorus, a Rubstnnce ti> lie hcre&ftif 
tiescribcd, when poured into a buttle full of this gas, immedUteLp 
Hashes like inflamed gunpowdcj'. 

From this detail of its properties, it appears, therefore, that n^^ 
een gas is eminently a supuorter of combmtion. It was long, isq 
deed, supposed to be the only supportor.aml >he presence of oxygei 
was imaeined to be essential to combustion. It will appear, howe- 
ver, initiie sequel, that other simple bodies, capable of existing in an 
B«Hal form, are equally entitled to rank as supporters of combusttiMik 
Among these are chlorine, ioilirie, and possibly fluorine. But tfaev 
do not all support the' combustion of the same substances i cbarcn*]^ 
for example, does not burn in chlorine, and potassium is tlio onl^ 
body tJiat is known to burn in the vapour of iodine. , 

III. Ihiritig ever;/ cvmbtisUon in oxygen gas, the ^as stifftrs » 
considerable diminution, — To exhibit this, experimentally, iit.u maB^ 
ner perfectly free from all sources of error, would require such aift 
apparatus as few beside adepts in chemistry are likely to poggeaSi^ 
the apparatus required for this purpose is desci'ibed in the (>th cbaBr* 
ter of Lavoisier's Elcmenls. The tact may, however, be shnwii,]«84 
accurately, in the following manner : Fill, with oxygen gas, a jaroT 
moderate size, which has a neck and grouiid-glass stopper at ttm 
top. Then, with the assistance of a stand, formed of bent iron wIia 
(pi. ii. fig. 2s), place a shallow tin vessel, containing a bit of phD^)h&r 
nis or sulphur, three or four inches above the level of the wat«r ttf s 
{■nenmatic trough. Invert the jar of oxygen gas, cautiously, and 
pedilinusly, over this cup, so as to confine it, with its contents, in imm 
gu. and, pressing down the jar to tlie bottom of the trough, opeutb^' 
Bteiiper. A quantity of gas will immediately rush out, anti the w 
will rise to the same level within the jar as without. When 
has taken place, set fire to the sulphur or phosphorus by a heal 
irnn wire, and instantly put in the stopper. The first effect of 
combustion will be a depression of the' water within the jai-j __ 
i4l4wil the combustion has closed, and the vessel has cooled, a CDai 
' 'e absorption will be found to have ensued. 

persons who are possessed of a mercurial apparatus m&j 
a experiment in a less exceptionable manner. On the su^ 
'cksiiver let a small hemispherical cup final, made^ 
iiiii, in order to keep it from the sides of the 
< 1 1' stand, shaped like the ligure 4S, plate if^ 
:mI diameter of which must t*e regulated Jl>^ 
ill trough, be filled with oxygen gas uverwiiTi 

.'■I .balgon's Jomiial. Sto, i.3'20. 




ItiT. II. OXTOEV <(3AS. 

r, anil be r?mavei], \>j means nf a piece of pasteboard^ 

I deacribeil, to die mercurial bath, inverting it dexterously over theti^ 

Ircop. If the phosphorus had been previonsly set on fire, a large 

L^uantity of the gas, expended by thcTieat, would have escaped, and 

I'lvoiild have prevented the accurate measure meat of the absorption. 

KAftcr drying the surface of the mercury within the jar by blotting 

^papei-. a. portiuo of the included gas must, tlierefore be removed. 

fVma la done by an inverted syphon, one leg of which is to be introdac- 

ted (in the same manner as is shown at fig. 41, g-) within the jar before 

iplacing it over the mercury ; and the gas will be forced tlirougli the 

■open extremity of the other, when the jar is pi'essed down into the 

niridcEilver. When the proper quantity has been expelled, remove 

nie syphon. The cup, containing the phosphorus, will thus rest on 

fttiie surface of the quiclcsilver within the jar, and above the level of 

ithe mercury without. The phosphorus is to be inHanied by passing 

^crooked iron wire, made red hot, through the quicksilver. On the 

itimpression of the heat arising from its combustion, the included 

u will be considerably expanded ; but when the phosphorus has 

ued to bum, a considerable absorption will be found to nave taken 

talsce, the amount of which may be measured by ascertaining the 

^ht of the quicksilver within the jar, before and after tlie cxperi- 

The quantity of phosphorus employed should be very small, 

d should not bear a greater proportion llian that of 10 grains to 

tacti pint of gas ; otherwise the combustion will go on so far as to 

iduiger the breaking of tlie jar, by the approach of the inflamed 

asphoms. 

In tliis process, a white dense vapour is produced, which condenses 
nlhe inner surface of the jar in solid flakes. This subtilance has 
mgly acid pj-operties ; and, being (brmed by the union of oxygen 
vitb phosphorus, is termed the phosphoric acid. 
t The diminution of the volume of oxygen gas, by tlie combustion 
f'' other bodies, may be ascertained in a similar manner. When the 
,rilBtance employed is not easily set on fire, it is proper to enclose, 
jihag, and in contact with it, a small bit of phosphorus, the cota- 
^-fltron of which excites aulficient heat to inflame iron-turnings, 
ml, &c. In the instance of charcoal, however, though that 
c undergoes combustion, no absorption ensues ; because, as 
I appear in the sef|uel, the product is a gas, occupying exactly 
Bame bulk as tlie oxygen gas submitted to experiment. 
•"IV. Ml bodies.by combustion in oxygen gas, acquire an addition 
'vthnir weight; and tite increase is in proportion to the guajiiity 
f gas absorbed, viz. about one third of a grain for every inck of 
as*— To prove this by experiment, requires also a complicaten 
"»ratus. 

lut sufficient evidence of this fact may be obtained by the follow- 

g very simple expeiimenl. Fill tlie bowl of a tobacco pipe widi 

ron wire coiled spirally, and of known weight : let the end of the 

Sjie be slipped into a brass tube, which is screwed to a bladder 

Sited with oxygen gas ; heat iJie boWl of the pipe, and its contents, 

_to redness in tlie fire, and then force through it a stream of oxygen 

" B&s from the bladder. The iron wire will burn ; will be rapidly oxy 



di7.e(l:and will be fuuii<!, when weighed, to be cnnaiilerably h 
than belWe. When cmnptetelf Dxyilizei] in tliis luuJe, IDO f 
iron wire ^n aii additiun of ibuut 30. 

V. Everij sufiatanet, capable of union ifith oxygen, affot 
tombustioi), either an oxiae.an add, or an alkali. — When a ' 
being liurot Id oxygen gas, atTunls a compound, which hus noni 

aaalities that characterize acids ot' alkatiea, we tlenominate t, 
ucf an oxide. If we collect, for exatnple, the iron wire, whl 
burned in the last experiment, we shall find that it has tost4 
metallic qualities, and has become a brittle, dark-coloured b 
totally destitute of luBtre and of taste, and termed an oxide 
fint if, instead of iron wire, we had burned a quantity of buI| 
oxygen gas, over water, the result would have been that the j 
which ronfined tlie gas, would have become acid or sou ~ ** 
on the contrary (one of the new metals discovered by Sir H. \ 
would have yielded an alkali under the same circumstances. 'L^ 
the extensive class of combustible bodie:^ may be suhdivitl^^l 
three orders; 1st, those which aft'ord oxides by combinatiof 
oiysen ; Sdly, those which yield acids ; and Sdty, those wliil 
alkai ies. In many instances, however, a body is capable of p 
through the intermediate state of an' oxide, before it ii 
either into an acid or an alkali. 

VI. Oxygen gas supports, eminently, animnl life. — It i 
found that a mouse, bird, or other small animal, will live four 4 
times longer in a vessel uf oxygen gas, than in one of atm03p)l 
air of the same dimensions. 

VII. This ^'ect seems cnnnficted tvith the absorption of fO 
iy the blood. — Pass up a little dark-coloured bloou infoa jai'l^ 
filled with oxygen gas, and standing over mercury. The j 
be in part absorbed, and the colour of the blood will be ^ 
bright and florid red. This change to red may be shown, by'f 

a little blood into a common vial filled with oxygen gas, and « 
it in coutact with the gas. 



SECTION III. 

Chlorine Gas. 

I. Tuts gas may be found by eitlier of the following proce^ 
Process 1. Into a stopjjer retort introdure eight ounces off^ 
muriatic acid, and four ounces of finely powdered mangiinse,ll 
ply the heat of a lamp. A gas will be produced, which may I 
ceivid.iu the usual manner, over water of the temperature oF 
90" Fahrenheit. From the foregoing materials about 160 t 

inches of gas may be obtained. ■ 

Process a. Grind together in a mortar eight ounces of muriate '<JL 
soda, (common salt) with three ounces of powdered manganese ; put I 
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(hem into a stoppereil retort, and pour on them Tonr ounces of sdI- 
phuric acid, which have been diluted previeuHly with four ounces of 
water, and suffered to cool after diluiion. Or the proportions re- 
CDinmended by Thenard may be employed, vix. 1750 muriate of 
soda, 450 oxide of manganese, water and sulphunc acid eacli 800. 
On applying a gentle heat gas will be produced, as in Process 1. But 
as the gas in at^odied by contact with cold water, though not rapidly, 
it shoufd be received, when it is intended to be liept, in bottles filled 
with, and inverted in, water of the temperature of 80" or 90" Fahr. 
and provided with accurately ground stoppers. The stoppers must 
be introduced under wafer, while tlie bottle remains quite full of the 
ms, and inverted, and no water must be left in the bottle, along with 

ll. Chlorine p;as has the following properties: 

(a) It has a yellowish green colour: and this property has suggest- 

id the name chlnrine'. 
{6} It has a pungent and suffocating smell. In experiments on 

^is gas, great care should be taken that it does not escape, in any 

wnsiderable quantity, into the apartment ; for its action on the lungs 

9 extremely oppressive and injurious. 
(l*) It is heavier than common air (taking the statement of Gay 

'lUBsac) in the proportion of 2470 to 1000 by esperiment, or 34316 
f calculation ; and 100 cubic inches should, therefore, weigh 75-33 
rains. Sir H. Davy finds them to weigh between TGand 77 grains, 

it a mean temperature and pressure, wmch would make its specific 

Jrsvity 8-3082. 

^(d) By a temperature of -|- 40" Fahr. it is reduced info a liquid 
^""Srini and ia condensed on the sides of the vessel. But if the gaa 
B previously dried by exposure to muriate of lime, it bears a cold 

f 40° below without condensation'. 

■ When a receiver, filled with this gas, not artificially dried, is 

"rrounded by snow, or pounded ice, the gas forms on its inner siir* 
Be of solid concretion, of a yellowish colour, resembling, in its m 
ifications, the ice which is deposited on the surface of windowi 
rrine a frosty night. By a moderate increase of heat, such as 1 
I* !^hrenheit, this crust melts into a yellowish, oily liquid, whict 

D ft farther elevation of temperature, passes to the state of a ga 
(e) Chlorine gas, in its ordinary state, destroys all vegetable 

mrs. This may be shown by passing, into the gas confined 

■ater, a piece ofpaper stained with litmus, the colour of which vt 

Dniediatelj disappear. Hence the application of this gas to tl 

Xse of bleaching, its potver of eScctmg which may be shown b 
^ iog, in the gas, a pattern of unbleached calico, which gas, 1 

^n previously boiled in a weak, solution of caustic potash, and tt 

■ashed in water, but not dried. Chlorine gas, however, which lu^ 
een carefully dried by solid muriate of lime, and iato which | 

• Prom j;)Lujot green. 
t Sir H. Davy, Pliil. Trans- 1811, p. "(1 
Vol. 1.-11 



fecllyrfr; litmus paper is introduced, proiluc^a iia clmnge nf 4^^^H 
ill the litmus, a sufficient proof tliat Its bleaching po\>>er depcb^^^H 
the presence am! decomposition vi water. ' ^^^H 

(/) This gas isabsurbeil by water; slowly, if allowed to'd^^H 
over it quiescent, but tnpidly when agitated. ^^^| 

1. Tlie best method uf eflecliii^ tlie impregnation of wttevi^^H 
tliis vas, is by means of a Woulfe's apparatus, the bottles of ^^l^^^l 
shuuTd be surrounded by ice-cold water. The (|uantity o'^^'^'^^^l 
which water is capable of absorbing, appears, from tliecoDCurrraM^^H 
timouy of Davy and Dalton, to be twice ils bulk. The furinenHH 
latdv remarked that water, apparently satunited with cblnriuefef fl 
Bgita'lion with it in a narrow vessel, tukea up more of the gas whn 1 
exposed to it with a broad surface. I 

a. The watery solution, if perfectiv free from common muriatic 1 

[ acid, has not the usual taste of an acid, but an astringent one. Its, I 

purity from muriatic acid may be ascertained by a solution of nitrate 1 

of mercury, which is not precipitated by pure chlorine. I 

S. The watery solution has the colour and peculiar smell of the 1 
MB. and has a similar propertf of discharging vegetable colours. | 
>i Hence it may be employed m bleaching. 

4. When the watery solution of chlorine is eitposed to a. tempc* 
rature only a little above that of freezing water, the Ms, which- ii 
combined with it, separates in the form of a liquid, heavier tlnn 
water. 

5. Chlorine is not altered by the temperature of boiling water! 
for its solution may be raised in distillation, and again condenseil 
witliout chanae. 

6. When tlie solution of chlorine in water is exposed to the di- 
rect rays of the sun, oxygen gas is obtained, and the acid passes to 
the state of muriatic acid. 

Chlorine is susceptible of combination with various other bodies, 
and the compounds possess, in many instances, remarkable proper* 
ties. These will be made the subject of a distinct chapter in a sul^ 
sequent part of tlie work. 



SECTION IV, • 

JVIfTogen or ^olic Gas. 

A?TER separating, from any (juantity of atmospherical a.. , .... 
oxygen which it contains, tliere remains a gas which was calldj 
Lavoisier axotie gas, a name applied to it in consequence of H" 
fitness for supporting animal life ; and derived from the Greet 
native s and ;«; vita. Tlds, however, as being merely a ne 
property, has since been deemed an improper foundation i_ 
nvmeiiclature : and the term nitrogen gas has been aubstitn 
because one of the most important properties of its base is, t" 



mion with oiyBjen it composes nitric acid. By thi^ apfielliitiaD 
herefore, 1 shall herc&fter diatinguisb it. 
1. Nitrogen gas may be procured, thousli not absolutely pure, 
;t aufficientlj so for the purpose of exhibitiog its general proper- 



n any at the fullouing manners : 1. Mix equal weights of iron 
ilings and eulpliur into a paste with water, and place the mixture, 
n a proper vessel, over water, supported on a stand : then loveri 
)verit, ajar full of common air, and allow this to stand exposed to 
ite mixture for a day or two. The air contained in the jar will gra- 
lually diminish, as will appear from the ascent of the water wiliiin 
tie jar, till at last only about four 5ths of its original bulk will re- 
nain. The vessel containing the iron and sulphur must next be re- 
noved, by withdrawing it through the water; and tlie remaining air 
Bay be made the subject of experiment. 

J 2. A quicker process, for procuring nitrogen g[as, consists ia filling 
1 bottle, about one 4tli, with the solution of nitrous ga» in liquiS 
lulphate of iron, or with liquid sulphuret of lime, and agitating it 
vim the air which fills the rest of the bottle. During the agitation, 
__e thumb must be firmly placed over the mouth of the bottle ; and, 
when removed, the mouth of the bottle must be immersed in a cup 
pill of the same solution, which will supply the place of the absm-b- 
id air. The agitation, and admission of fluid, must be renewed, 
Un-pately, as long as any absorption takes place. 

3. Atmospheric air, also, in which phosphorus has burned out, 
l^rde, when lime has been allowed for the condensation of the 
^Osphnric acid, tolerably pure nitrogen gas. 

4. Azotic gas may be procured from the lean part of flesh meat 
^faeef for example}, which may be put into a gas bottle, along with 

ttery dilute nitric acid. By a heat of about 100°, tlie gas is disengag- 
ed, and may be collected over water. Its source has been satisfac- 
^rily traced to the animal substance, no part of it proceeding from 
tjie nitric acid. 

11. Nitrogen gas has the f>)llowing properties ; 

1'. It is not absorbed by water. 

i. Sis a little tighlsT than atmospheric air, 100 cubic inches be- 
ing found by Sir H. Davy to weigh 30-04 grains under a pressure 
bisO inches, and at the temperature of 55° Fahrenheit At 60° 
Fahrenheit 100 inches weigh, therefore, SQ-rs gndns. According 
to Biot and Arajo, its specific gravity is 0'96913. 

3. It immediately estinguisnes a lighted candle, and all other 
burning substances. Even phosphorus, in a state of active indam- 
mation, is instantly extinguished when immersed in nitro^n gas. 
^liis is best shown by placing the burning phosphorus in a tin 
cup, raised by a stand over the surface of the water, and quickly 
inverting over it ajar filled with nitrogen gas. 
^^ ■•. It IS fatal to animals that are confined in it 

'. When mixed with pure oxygen gas, in the proportion of four 
parts to one of the latter, it composes a mixture resembling atmos- 
pheric Mr in all its properties. Of this any one may be satisfied, 
Pj mixing four parts of azotic gas with one of oxygen gas, and im- 



atmuspliericaJ a 



a lighted taper. Tlie faper will bm 



Composition ofJVitrogen. 






That nitrogen is not an element, but itselfa rompounil, 
long suspected, and various attempts have been made to diacovW 
its ingredients. Some of the facts, ^vhich have been supposed tA 
throw light on its nature, I shall reseive for the chapter of ammo- 
nia, because they will be better understood in connection with tiat 
subject 

fierzelius, rrom the combination of eipcriment with much theore- 
tical reasoning, haH deduced, that nitrogen is compounded of oxygeni 
and an unknown base, in the following proportions*: 

Base 44.32 79.64 lOD.OO 

Oxygen . . 55.68 100 125.31 

IDO 179.64 ^^5.51 

This base, it must b« observed, however, is purely hypothetical ;- 
and, as it has never yet been exhibited in a separate state, we cannot' 
at present know any thing uf lis properties. Bentelius has proposed'* 
for it the name of nitricum. 

A series of experiments to prove the composition of nitrogen by 
synthesis, has been published in the 4th volume of Dr. Thomson's 
Annals, by Mr. Miers, of London. He attempted to deprive water 
of part of its osygen by transmitting it, along with sulphurated hT^> 
drogen, through an ignited copper tube ; by which process he ob- 
tained a mixture of oxj^gen and nitrogen gases, in proportions (he, • 
same as those constituting atmospheric air. If no source ot fallaey 
existed in the experiment, it would follow that nitrogen is composed* 
of oxygen and hydri^n, with less oxygen than exist in water. Bat'^ 
(he ex[)eriments, tliough ingeniously devised, require the most carefiil -i 
"letition, before so important a conclusion can be established ; and ' 
I reason to suspect, from the nature of the products, that'''' 
heric air must, by some means, have found its way into thA'U 
:us. It is remarkable, however, that the proportions of d^ 
Is of ammonia, deduced by Mr. Miers from his experimestaA 

Kisel^ agree with the hypothetical proportions assigned by 

lins.vtx. 55.6 oxygen and 44.4 hydrogen per cent, in weight. 'jt 
lie experiments of Sir H. Davyt, directed to the deconipositiod' 
itrogen, on the presumption of its being an oxide, have not bet 
idea KAth any better success. Potassium was ignited, by ii_ 
''■ V^TtaiCi, electricity, in nitrt^n gas ; and the result was, tbaf 
igen app£%red, and some nitnieen was found deficient. Thia^i 
st view, would lead to the suspicion, that nitn^n was decnnt- 
wd. But, in subsequent experiments, in proportion as the pofoa- . 
im was more free from a coating of potash, which would intrcx 
l«e water, so, in proportion, was less nydrq>en evolved, and Icfs 
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)gitra:;efl found delicient. Tlie general tenor of these inquid 
tbei-efure, lends nu strength to the uiiinion, that nitiogcn is a c 
pounii tioil)'. 



SECTION V. 

Mttiospkerif, Mr. 

Tkb air of our atmosphere, it appears, from the facts stated in the 
preceding seclion, is a mivturc of two different gnses, vix. oxygen 
,|t;&a and azotic n;as. The former of these seems to be the only ingre- 
dient on which the effects of the air, as a chemical agent, depend. 
Hence combustible bodies burn in atmospheric air, oa\y in conse* 
quence of tlie oxygen gas which it contains ; and, when tJiis ia ex- 
IlKUsted, air is no Fonger capable of supporting combustion". Its 
analysis is most satisfactorily demonstrated by the action of heated 
mercury, as explained by Lavoisier, in the third chapter of his Ele- 
ments of Chemistry. By exposure, during IS days, to mercury 
lieiited in a retort, a given quantity of atmospheric air ■■■"* r™.- j.*^ 
be diminished in bulk, and to have lost its property c 
Immbustion. The mercury, also, had suffered a considerable ctisn| 
I part of it was no longer a shining duid metal ; but was chanj 
into red scaly particles; and its weight was, also, increased. T'- 
■ed particles were collected, and distilled in a retort; by n 
tperation a quantity of oxygen gas was evolved, precisely equ 
Ik to what the air had lost in the first part of the experin 
,6ae results afford the most satisfactory evidence, that the air «-• 
:r atmosphere is composed of two distinct fluids. The one is ca- 
' le of yielding its base to mercury ; and, when separate, is emi- 
. itly adapted to the support of combustion and of animal life, 
le other 13 not absorbable by mercury, and is destitute of both 
io« important qualities. 

'^e details of this method of analyzing atmospheric air I omit ■ 
VACCOunt of the CKfreme tediousness of the process. SuflicJea' 
ndence of its composition may be obtained, however, much i 

iditiously, by the following esperimentH. 
. Burn a little sulphur or phosphorus, in the manner describe 
ict. ii. substituting, for osygen gas, common atmospherical air. '" 
lOntbustion will, in this instance, be less vivid ; will cease sooi 
itid the absorption, when the vessels have cooled, will be much Is^ 

iQsiderable than in the former case. * 

The phosphorus, however, will have absorbed the whole of the ■ 
ixygen gas contained in jhe air submitted to experiment ; and 



Lence it may be employed for measuring the t[Ufnitity nf ox j^Mi 
gas in a given bulk of atmosplierical air. 'I'lus may be uccoiii{iltah- 
««i, either by its slow or rapiil combustion. Berthnlbt pro|>Utti|> 
to e!(p03e a cylinder of phosphorus, fastened to a aluss nM, iihi 
narrow glafis vessel, graduated inln erpial parts, and standing fa\i'^ 
air over water. {See fig;- 24.) The phosphnrua iminr.dinlely l*^8*W 
to act wilhnut visible combustion on the included air; and m sit W 
«e;ht hours its ellect is completed. The residuary azotic i^ baa ' 
its bulk enlar^d about one 4(Jth, by absorbing a little phosphoriM; 
aod for this allovance must be made in measuring the diminuUDHi 

In the eudiometer of Seguin, the rapid combustion of p!ios|^entS 
is employed with the same view. A glass tube, open at one end 
only, about an inch in diameter, and eight or ten htglt, is tilled witfai 
and inverted in, mercury. A small bit of phosphorus, dried with 
blotting paper, h then introduced, and, by its inferior specific §»»}• 
ty, rises to Ihe top of the tube where it is melted, by bringing a red- 
hot poker near to tlie outer surfuce of the glass. When ihe ptrav- 
phorusisliquefied, a measured portion of the air to be examined Ktai- 
niitted,by 8 little at once, into the tube. The phosphorus indames ml 
mch addition, and the mercury rises. When all the air under exani* 
hiation has been addeil, the red-hot poker is again applied to Mcure 
the completion of the process, and the residuary gas is transferred iRfai 
a graduated measure, where its bulk is carefully ascertained. In 
this instance, about one 40th the volume of the residuary gas is tabt 
deducted from the apparent f]uantity of azotic gas, because, in lliU 
case also, a small portion of phosphorus is dissolved bv the latto'i 
and occasions a trilling espansion. With this deduction, atDKn* 
pheric air loses pretty accurately 21 parts out of every 100; ^ 
contains, therefore, 21 pi-r emit, of oxygen, and 79 of azote by mear 
anret. And it' is remarkable, that no appreciable difference eiistt 
between the proportions of oxygen and azote in the atmospheres- «C 
distant places; from which it appears, that the purity and salubt^y 
of air depend on some other circumstances than the proportion « 
these its chief elements. 

II. The inferior fitness of atmospherical air to that of osyj^O 
gas, fur supporting combustion, may be shown, aUo, by a compara'fc^B 
txperiment 'with two candles. Provide a circular piece of 1^*^ 
tiirce inches diameter, and half an Inch tluck, from the centl«» 
which proceeds a perpendicular iron wire, six or eight inches hi 
'* the end of this wire fasten a piece of was taper. Set the caw 

._ , ^j jj^ stand, on the shelf of a pneumatic cistern 
I, Uie conducting pipe from the bladder (e, fig, 4)), 

n ahown by the %ure ; tlie cock rf, however, being shut _.- . 

*'^e syphon g in the inverted position shown in ^e plate, linfc ' 
e apparatus into the water. Fart of the air in thejai'*'' 
iffe. through the syphon, and will be replaced ' 

M lie Chlmie. xsiv. 78. 

iet)iniU of analyzing' atmospherknl air will be desoriba 
■' "-'■ - a them mny found in tlie Indes,,! 
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•When we have left, in the jar, theproperquantity of air, t)ie ijpl. 

must be remnved, and the jiir relunieil to its place. The level 

Itive water will now be con^iilerably higher within than witduut tkfe 
receiver ; aixl its heiglit must be nnted. Un passing a succession of 
clectrlcul sparks fi-om the conducting wire to the bent ^lipe, and 
vpening the cock il from the bladder tilled witEi hvilrogen gas, we 
«hall have a sirmll llaine, which is lo be estin^ished as soon as, by 
its means, we have lighted th(\ candle. The candle may Im suScred 
to burn till it is extinguished; and the duration of its burning, and 
Ihe diminntiim it occasions in the air, are to be noted. When the 
BOtnbustion is repeated in tiie same manner, but with the substitu- 
^D of oxyg;en gas, it will be found to last considerably longer, and 
the'diminution of volume in tJie gas will be much greater. 
■ iThe same fact may be demonstrated, but less accurately, by a 
nmple apnaratus. Provide two jars each- two inches in diameter, 
ind IS inclics lon^, and each having a neck at the top with a com- 

Kiegsed bladder tied upon it. Fill one of the jars, leaving the blad- 
er emptv, with oxygen gas ; and, at the same instant, with the lud 
if an assistant, invert both jars over the burning candies, keeping 
•.&£ oxygen gas in its place till the jar is inverted, by a piece of paste- 
fao&nl. In the common air, the candle will soon be extinguished; 
tbutthat confined in oxygen gas will bnrn with much greater s pie n- 
;i dour, and will continue burning long after the other is extinguished. 
l^On the first impression of the name, a quantity of expanded gas will 
riue into each bladder, which is to be pressed out at the close of the 
/experiment, in order that the absorption may be compared in both 
-cases. The diminution in the jar of the oxygen gas will be found 
|i greatly to exceed that of the commoi air. 

•. ill. Take two tubes, each a few inches long, closed at one end, 
JUid divided info 100 aliquot parts. Fill the one with atmospherical 
i\«r, the otiier with oxygen gas, and invert them in two separate cups 
filled with a solution uf sulphuretof potash. The sniphuret will as- 
.Vnd gradually widiin the tube of common air, till, after a few days, 
tbout four oths of its original volume will remain ; but, in that con- 
.'raing oxygen, it will ascend much higher, and if the gas be pure, 
■will even absorb the whole. 

niiTbe explanation of this fact is, that liquid sulphuret of potash has 
itte property of absorbing oxygen but not nitrc^n. It therefore acts 
^n atmospheric air only as long as any oxygen gas remains, and may 
|Be employed as a means of ascertaining the quantity of this gas in the 
KttiDOsphere at different times and at distant places. An improved in- 
Mlttniment*, thus graduated, hits been employed by Guyton as an Eu- 
ii'Wiilinetert.fiut an apparalus,of much greater simplicity, and facility of 
Lkppli cation, is that of Professor Hope, of Edinburgh, announced in 
k Nicholson'^ Journal, 8vo. iv. £10. It consists of a small bottle, of 
the capacity of 30 or 14 drachms (fig SO.pl ii), destined to contain 
tlieeudiometricliquid.and having a small stopperat b. Into the neck 

• See Nicliolson'a Philasopliical Journal, ita. i. SIJS : or I'illoch's FlOfl^H 

'fliicBJ Hag^inc, iii. ITl. ^^^1 

f Other euiliumeler^ will be described herenflci'. ^^^H 



of ^e bottle a tube U accuratelj^ fitted by ^riniiinj;, nhicli ^ 
precisely a cubic inch, and is divided into 100 equal parts. Tl 
the apparatus, the bottle is first filled with the litjuid emulojed, " 
is beat prepared by boiling a mixture of quicklime andsulphui 
water, nltering the sulutiun, anda^itatinsit fur some time in n 
hairfillcd ivilh ciimmoii air. iTie tube filled with the gas un*' 
aminution (or with atnKispberical air, tvhen the quality of thi 
pound is to be ascertained], is nest to be put into its place ; ai 
inverting the instrument, the gas ascends into the bottle, whft— 
(o be brought extensively into contact with the liquid by brii 
tatioD. An absorption ensues; and, to supplr its place the stupi 
opened under water.aauantity of which rushes into the bottle, 
stopper is replaced unaer water ; the agitation renewed ; and 
operations are performed alternately, till nofortherdiminution 
place. The tube a is then withdrawn, tlie neck of the bntth 
under water, and is held inverted in water for a few minute^; 
the closeof which the dimiuntion will be apparent. Its amount I 
be measured by the graduated scale engraved on the tube. 

To the eudiometer of Dr. Hope tiiere are, however, a few 
tions. If the tube a and the stopper b are not both very accui 
groti nd, air is apt to make its way into the instrument, to supplKfl 
■ ■ ■; iiudccasionedby theabsorption of osyg;engas. TtuM 
■ .iiiiis a diminished pressure within the bottle ;j 
'uwards the close of each aa;itation, the ahaOTft 
iwly. Besides, the Eudometric liquid is conaqj 
»re dilute by the admission of water through'6. 
e diflicuilies, I have substituted for the glass t 
Ti.as shown bjfig. 21, 6, The tube a is 
rt piece of very strong tube of wider bore, 
nriace of which is made rough by grinding, i 
toted, that it may more efl'ectually retain the nt. 
e when fixed by a string. This instrument is nsj 
' the same way as Dr. Hope's. The only diffi«| 
e whole of the residuary gas into the tube ( b 
b will be acquired by practice. 
Sdification of the eudiometer, which enables 
D uf only rttan P^<^ of the gas employed, is in 
~j,in the Philosophical Transactiuns for 1 
izine, x\ij. 



'r supports animal life, only in cc 

■ IS. — Air, after having been r 



msequntee, 
it Contains. — Air, after having been reeei* 
ain expired, is found to have lost a considu 
i.t'iz.from lOtolipfT cent. It proves fal^ 
Hi; before this ingredient is wholly eihaust3 
I'j.it a considerable portion of oxygen gas i^ 
I supporting respiration. As tlie analysii^ 
icquaintance with another gas, not hither 
ii; acid, its examination will be postpoaec 
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bable from the sei|uel, depentls un its bein); in a state of' 
electricitj' to oxygen ; for, in common with alt inflaiuDiable 
CCB, it ia iiaturallj in a state of pusitivf i-lectricity. 

I. Ih prueiire ki/drogen gnu, letsulpliuric !iciil,pevtvuslyj 
with five or aix times ha weidit of water, bepoarcil on ir 
or on »iuall iron iiuils ; m- (wliat is still better) puar sulpl 
diluted with ei§ht parts of water, on xinc", granulated by 
ineildl into cold ivatcr, and contained in a gas bottle Ui 
tort. An cHi'i-veaceuce will ensue, and the escaping gas n 
lucti'd in the usual manner. An ingenious apparatus fur c 
iualiintaneoualy, in a laboratory, ia deacribed by Gay Lm 
5th vol. tjf Ann. <le Chim. et Phys. p. 300. Its cons' 
scarcely be undcratood, witiiout the plate which accora| 

Hydrogen gas, thus obtained, is nut, however, to be corn 
absolutely pure. An obseriation uf Mr. Cuthbertson loiy 
dered it probable that, when disengaged by zinc, it contai 
tion of that metal ; and, when generated by means of iron, 
to contain a little carbureted hydrt^en. Mr. Donovan 
ehownt, that, when procured from zinc and ildute snlphi 
ia contaminated witn sulphureted hydrogen and carbonic 
he recommends that to obtain pure hydrogen, we should 
common hydrogen with lime-water during a few minutes, 
a little nitrous acid, afterward:) with solution of green si 
iron, and linallj with water. It appears to me, however, 
only impuritie!i, discovered by Mr. Donovan, in hydrogen 
carbonic acid and sulphureted hydrogen, they mi^it be eq 
removed by the simple process of washing the gas eitlier 
water or wiili asolution of caustic potash. 

II. This gas has the fullowipg properties : 

1. It /emains permavent orer Jcafer, or is not absorbed in a 
lion ex^cding Ath the bulk of the water. 

2. Js commonli/ procured, it han a disngreeable smell ; but pIM 
■hjdrogen ^s was found by Mr. Donovan to be free from all otfuuri 

S. It is injfamtnable. This may be shown by die fullowing «fr 
periments : ■ 

(o) Fill a small jar with the gas, and, holding it with the moa^ 
downwards, bring the gas into contact with the flame of a candIC' 
The air will take fire, and will bum silentljrwith a lambent Bame. 

(ft) Fill with this gas a bladder which is furnished with a stop- 
cock, and with a small pipe, of diameter less than that of a cotDOlBt 
tobacco pipe. Preaa the air out through the pipe, and, on preseutilg 
a lighted candle, the stream uill take fire, if this a|^ratus canact 
be procured, a very simple contrivance will answer tlie purpiwe ' 
break oft* part of an eight-ounce vial, within an inch or two from t^ 
bottom, by setting fire to a string tied round it, and moistened witll 
Spirit of turpentine. The vial will then resemble ajar with an 

lay be purchased at the btase-foundcrs or copper-imitln, luutert^ 

ILIb{.xlriii.l39. 
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at tlic fop. Next bore a amall hole tlirough el cork that, fits tlie 
eckofthevial.anJiDaert in it part of a common tobacco pipe, uh'tch 
lay be flxeil into the neck of tlie bottle, bj a cement of resin and 
MS^ni. Then fill the bottle with water, and hold it, with the 
tutnb pressed down on the aperture of the pipe, while hydrogen gas 
opassed into it. When the bottle is full of gas, remove the (humb. 
r«8 the bottle down into the water, and, on the approach of a can- 
le, the etrcam of air from the pipe will take lire. 
Persons, who are jirovided with tlie jars lej r^-sented pi. ii. fig. 22, 
maj screw to the cock a brass pipe with a small aperture. Oa 
reasiog the jar, filled with hydrogen gas, ioto the water, and opeu- 
ig the cock, the gas will be forced out in a stream, which may be 
•t on fire. On this principle are founded the artificial fireworks 
lOut smell or smoke. They consist of pipes, having variously 
(i apertures, some of which have a rotatory motion, 
{c) In a strong bottle, capable of holding about four ounces of 
ater, mix equal parts of common air and hydrogen gas. On apply- 
i^a lighted candle, the mixture will bum, not silently, as in ex- 
iriment {a), but witii a sudden and loud explosion. If a large bot- 
B be used, it should be wrapped round with a handkerchief, to pre- 
mt the glass from doing any injury, in case the bottle shoulu be 
irst». 

(d) The same experiment may be repeated with oxygen gas, in- 
ead of atmospherical air; changing the propordons, and mixing 
lly one part of oxygen gas with two of hydrogen. The report will 
I considerably louder. The bottle should be a very strong one, 
ld should be wrapped round with cloth, to prevent an accident. 

(e) The same experiment may be made over water, by means of 
le electric spark. Procure a strong tube, about three ciuarters of 
linch diameter, and 12 inches long, closed at one end (plate ii. lig. 
t,A). About a quarter or half an inch from the sealed end, let two 

all holes be drilled, opposite to each other, and into each of these 

B brass conductor he cemented, so tliat the two points may be . 

^t from each other within ihe tube, about one 8th of an inch. 

apparatus, serving the same purpose, and much more easily con- 

■Med, may be formed by liermetically sealing apiece of brass 

i,jor still better, platina wire, into the end of a glass tube (fig. 29, 

With this conductor, an interrupted circuit may be formed, by 

■'.ucing into the tube a longer wire, one end of which feiini- 

one 10th of an inch from the upper one, while the other ex- 

Dds beyond the aperture of the tube. (See fig. 84). Into this tube, 

Hiding over water, pass about half a cubic inch of a .mixture of 

/dmgen and oxygen gases ; in the proportion of two measures of 

ie former to one of the latter. Hold the tube firmly, and pass an 

iectric spark through the mixed gases. For relieving the shock, 

^hich^B sometimes considerable on firing, au ineenious contrivance 

of Sir H. Davy may be employed. It is described in the Philoso- 
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nd thnt 80 measures remain after detonation- The diminution 
111 have been 1 20 mea^^ures ; and, of tliese, two 3ds or 80 measures 
re hydrogen. Hence the inflammable gas, under examination, must. 
' in 20 per cet^, ofgome other gas, which is most probably nitro- 
In this waj, wa determine the proportions of hydri^ea and ni- 
n in any mixture composed of those two gases only. 
, ) The diminution of nydrogen and oxygen gases, by tlie union 
tlieir bases, may be shown also by their slow combustion. Fill a 
ill jar with oxygen gas, and fill also, with hydroijen gas, a bladder 
iimished with a stop-cock, and with a long brass pipe bent like the 
B*ter 8, and drawn out to a fine point (plate iv, fig. 41). On press- 
n^ the bladder, a stream of gas will issue from the pipe, which may 
'e set on fire, and brought cautiously under the tall inverted jar of 
xygen gas. By this contrivance, tne stream of hydr<^en gas will 
e burnt in a confined portion of oxygen gas ; and, on continuing 
he combustion a suflicient length of time, the water will be seen ta 
iae Braduallv within the jar. On the first impression of the heat, in- 
lee»C a quantity iif gas wdl escape from the jar, which will render it 
iiSeult to ascertain what degree of absorption has actually taken 
Aa/ce. But this loss may be prevented, by using a jar with a neck 
It the top, to which a compressed bladder is firmly tied. The ex- 
unded air, instead of escaping through the water, will now fill the 
iladder at the top ; and, when the experiment has closed, and the 
ressel« have cooled, it may be ascertained, by pressing out the gas 
rnm the bladder, what quantity of oxygen gas lias been consumed. 
The same experiment may be more accurately and elegantly made, 
with the asaiHtance of an apparatus, which I have described in the 
Philosophical Transactions for 1 808. The description cannot be 
Miderstood without the plate, which is there given, and which hai 
been icopied into tlie Philosophical Ma^zine, sxxii. and Nicholson's 
lonrnal xxi. The fact may, hJso, be shown by substituting, for the 
Uvlder (e, fig. 41), a small gazumeter, containing a n^easured quaa- 
of hydri^en gas. Let the bent pine be screwed on the cock of 
lagaznmeter ; and over its open end, placed perpendicularly, invert 
jBT of oxygen gas. This jar must be provided at the top with a 
tetallic conductor, screwedinto a brass cap, as represented in %. 
1 J which shows also the level of the water within the jar, attained 
r means of a syphon. After noting the height of the water within, 
. a rapid succession of electric sparks be passed between the two 
jionductors ; and, on opening Uie cock at this instant, the stream of 
vxygen gas will be inflamed. The end of the pipe must then be 89 
fikT depressed, that the cement of the brass cap may not be melted by 
the flame; and the outer surface of the top of the vessel should he 
kept cool. When the gas is first lighted, the oxygen gas will be sud- 
denly expanded ; but, presently, a rapid diminution will go nn, (ill 
the water rises above the end of the pipe, and extinguishes the flame. 
If pure oxygen gas be employed, it will be found, after the expei ' 
went, uninjured in its quality, and will support the combuBtit^ 
burning bodies as well as before. 
When the above experiment is made, with the substituti* 






jrarda, in tlie pipe proceeding from each gas-li older, just before tlie 
lunotiun ul' tlie two. 

Tlie power of (ij'Ji-oj;en and oxy§en gases to produce an intense 
fle^eQuTlieiit, has lately twcnmiidi increased, iu consequence otn 
BUjjgnition of Mr. Newina.ii tu Profesuor Clarke of CuuiDridgei tliAC 
Mk gasea should be prcviuuily mixed, then condensed int6 a metal- 
'q reservoir, and made to paxii through a capillary lube before being 
it'.on fire*. The temperature thus produced was found adequate 
ttiin instantaneous fusion of the most refractory substances. Plati- 
Ain, fur instance, was not only immediately melted, but set on fire 
.id 'Consumed like iron wire in oxygen gas, with vivid acintillationt. 
>onsiderable danger, however, arises to die operator, from tlie itabi- 
'^.gf the condensed gases to explode and burst the apporatus- 
ivctaI expei'iments have been tried for the purpose of obviating 
USi'risk, tlie must effectual of which, suggested by Professor Cum- 
AOg, consists in interposing, between the flame and the main reser- 
gir of gases, a cylinder containing a little water or oil, through 
rbiGJi, by means of a valve at tlie bottom, the gas is allowed to 
wj;. All, therefore, tiiat can hapnen, is the explosion of the mixed 
lesbfetween the intlained jet ana the surface of tlie oil or water, 
'here the quantity is sufficient to occasion any serious mischief. TIwj 
Hire eHbctually tosuard a^inst danger. Dr. Clark has since, <m 
)fi 8Ug((estion of Dr. Wollaston interposed a fagot of capillary 
ibe* of the smallest possible diameter, between the stop-coclf, 
td the orifiQe of the pipe at which the gases are inflamed j. Ad|- 
itional safety may, also, be given to the apparatus by inters 
mng, between the operator and tlie reservoir, a. strong screen^ 
lirough which the piston rod of the syringe may be worked 
ujzontally, and the name may thus be kept up for a lenirth of timt^ 
(«{)Ortionate to the size of the reservoir, from which tlie mixed' 
aseaare drawnlf. This modification of the instrument render ilj 
tmlicable to some of tlie arts, in which not only an intense but a: 
jng continued heat is required. 

,1^ Hudragen ^as, tkougit injlammable itself , extiHgtUskes bttr»-_ 
figboaies. — Bring an inverted jar, filled with this gas, over the 
we of a candle ; and suddenly depress the jar, so tluit the lighted 
.nk may be wholly surrounded by the gas. The candle will iin* 
Mdiately be extinguished. 

- 5. £, is fatal to animitls. — This may be shown by confining, to 
lift gas, a mouse, or other smiUl animal. 

• journal of Science, he. li. 104. 

t About twelve jears before tliis siiffg^stlon of Mr, Nevrman, Platinum h»d 
lecn completely yolatilized bj- the flame of the compouiid blow-pipe. Pro- 
MSOP Silliman fiad, sul)iequenllj-, often pl-oduced the same result, See tile 
HpartAmer. Pliil. Truis. ; also, Silliman'a Essay in Memoirs of ihe CuLincc- 
Icut Academy, I'epi^lislicd in Tiltoch'a Philosophical Magazine, London, 
'sL 48. 

,} Joum«l of Science, Jtc. ii. 579, where a plate of the improved appanil-uF 
I given. 

4 Thomson's Annals, ix. 327. 

I Thomson's Annals, x. 373, Other improvements of the spparatus arc 
l^sciibedin the same work, i. 36S. 




ibly lighter than attnonphericat nir^— Om 

, Ic inches, tlie barometer bciug 3U inchps, and the the 

Cter 60°, wei^h. according to Kirwaii, 2.613 grains ; accordt 
Ijavotsier, 3.SrS srains ; and according to Fourciiiy, VaiiqueliifJ 
"Seguin. 2.75 grams. Tlie recent determination of Sir H, Da* 
that 100 cubic inches at 30.5 barometer, and 51° Faliroithcit, 
2.S7 grains. Messrs. Biotand Arago ascribe to it the specific 
of 0.07321. 

(a) Let a jar filled with this g;aa stand, for a few aecunds, 
open moutli upwai-ds. Un letting down a candle, the gaa 
(bund to have escapetl. 

(b) Place another jar of the gas inverted, or with its mouth til 
wards. The gas will now be iouud to remain a short time 
fietng prevented from escaping upwards by tlie bottom and ^( 
ihe vessel. 

S;) Fill, with bydr(^n gas a bladder furnished with a stoj 
adapt to this a common tobacco pipe. Dip the bowl of the 
into a lather of soap, and turning the cock, blow up the lather mtd 
tiubbles. These bubbles, instead of fallin|i; to the ground, like thoM 
L commonly blown by children, will rise rapidly into the air. On tflts 

Cjperty of hydrogen gas. Is founded Its application to tlie raising of 
1 1 cons. 
I (d) The experiment may be varied by filling the bladder with a 
tolinture of two parts of hjdro^n gas and one of oxygen gas. Bnl^ 
Ales, blown with this mixture, take fire on tbe approach of a lighted 
*candle, and detonate with a loud report. It is proper, however, not 
, to set them on fire, till they are completely detached from the bowl 
I af thu pipe ; otherwise the contents of the bladder will be exploded, 
I with considerable danger to the operator. 

' la this place a property of hydrogen gas may be described, which 
it possesses in common with all other aeriform bodies, viz. a tenden- 
I cj to diffusion through any other elastic fluid, with which it may be 
lUDaght into contact. Common or inelastic fluids are capable of re- 
I matning tin contact with each other for a long time without adniii- 
I tui'e. Thus if we half fill a wine glass with spirit of wine linked 
with any colouring ingredient, and then, by means of the dropping 
tnbei fig. 15, introduce under it a quantity of water, the spirit rfoitCl 
Ml the water, and the two surfaces remain perfectly distinct, pro- 
Vuled we carefully avoid agitation or unequal changes of temp^F^ 
ture. But this is not the case witJi elastic fluids or gases. which,n 
}aB been discovered by Mr. Daltont, penetrate each other, andb^ 
laUioroughly mixed under all cii-cumstances. The fact, with ifr 
orogen and oxygen gases, may be proved by a very aimjiT^ 

^iassvials, eacliof the capacity of^about an ounce nici^ 
l» a tube open at both ends, 10 inches long and one ^!'lth 
'" " ' ' the tube is to be passed through a perfoialcdi 
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\otk, adapted to the necks of the vials. Fill one of the bottles Tvith 
I7dr<^n gas, and ihe other with oxygen gas ; place the latter on a. 
lible with its mouth upwai-ds, and into this insert the tube secured 
ty its cork. Then, holding the hydrogen bottle with its moutb 
lownwards, fit it upon the cork at the top of the tube. Tlie two 
laUles, thus cnonected, are to be suffered to remain in this perpen- 
iicular position. After standing two or three hours, separate the 
iais, and applj a lighted taper to their mouths, when it will almost 
Krtainly occasion an explosion in each. The hydrogen gas, though 
learlr la times lighter than the oxygen, must, therefore, have &- 
icentled through the tube from the upper into the lower vial ; aniL 
\e osygen gas, contrary to what might have been expected from ita 

renter weiglit, must have ascended through tlie tube, and displaced; 

le lighter hydrogen. 

Experiments or this kind, it has been shown by Mr, Dalton, may 
« extended to all the other gases ; but to prove the effect, tests of 
; diSerent kind are necessary, which require a previous knowledge 
if the properties of these gases. They tend to establish the conclu- 
liun, fnnt a lighter Hastie fluid cannot remiUmipon n heavier with" 
mt an admixture of the two. 
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1 FROPBB'ITBS OF WAIl 



J SECTION I. 

Synthesis, or C»m.positioTi, of Waters 

. blchap. V. sect, v. it was stated, that oxygen and hydrogen gasa 
S^ben fired over water, in the proper proportion, wholly disappea 
~!o ascertain the nature of the product thus formed, the experimeol 
last be repeated over mercury, in a similar manner, by meonS' « 
li» detonating tube (pi. ii. fig. £8)< When this is done repeatedly. % 
aStfound tliat the product of the combustion is that well known Iniid 
Ttater, which is thus proved to be composed of two elementary ifl 
^cedients. The water, produced in this mode, is not, however, to U 
vousidered as a compound of the two gases, but only of their baatap 
for the light and caloric, which constituted the gases, escape, in con--" 
siderable pai*t, during the combustion. Every gas, it must be re* 
Vtenriiered, has at least two ingredients; the one. gravitating matter, 
Svhvch, if separate, would probably exist in a solid or liquid form; 
the other, an extremely subtile fluid, termed caloric. In tlie example 
liefore us, caloric (andperhaps electricity and light) is a common in^* 
Vol. I— T. 
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(llent botli of hydrogen andoJtygen gases; but the two gases 
in having Uitlereiit Iraaes. The basis of the one is called hj^ 
of the other oxjgen ; and water may, tlierefore, be affirtned' 
B. compound, not of hydrogen and oxygen gases, but of hj ' 
and oxygen. Its composition may be proved in two mf 
synthesis, i. e. by joining together its two elementary iiiL 
and by analysis ; in other words, by separating the conci 
parts of water, and again exhibiting them in a distinct form. 

I. Fill, with hydrogen gas, a. bladder, furnished with a at 
and bent pipe (fig. 41, e), as in the last chapter. Then poi 
a shallow earthen dish as much ^quicksilver as will about hatPI 
and invert over thisaglass bell, full of common air and p"" 
dry. Expel the hydrogen gas through the pipe ; light the 
aud bring it under the glass bell, by raising thiR, and depri ^ ., 
into the mercury, aa soon as the iutlained gas is introduced. S. ^dr- 
tlon of uirwill escape, at first, in consequence of the rarefactunt. 
As the combustion continues, water will torm, and will condense on 
Oie sides of the glass. This water is produced by the union of by- 
di'ogen with the oxygen contained in atmospheric air. 

IT, Those persons who are not possessed of a sufiGcient quantity 
of quicksilver to repeat tlie above experiment, may substitute the 
following: procure a large glass globe, capable of holding three or 
four quarts, and having two openings, opposite to each other, whicli 
may be drawn out for a short distance, like the neck of a retort. In* 
flame the stream of hydrogen gas, and introduce it into the centre 
of the globe. The rarefied and vitiated air will ascend through tht 
aperture of the globe, and a constant supply of fresh air will be fui>- 
lushed from beneath. By this combuation, a quantity of water will 
be generated, which will be condensed on the inner smface of the 
vessel. 

III. A simple and ingenious apparatus, less costly than any othfiTt 
intended for the purpose of exhibiting the composition of water, is 
made by Mr. Cuthbertsou of London. It is described and figured 
in Nicholson's Journal, 4to. ii. 235 ; or in tlie Philosophical M^a* 
2iiie,ii. 317'; and also in plate iv, of this work, figs. S3 and 34. 

In using this apparatus, however, instead of two glass receiveTtf 
fflr the oxygen and hydrogen gases, standing inverted in a trougfi w 
Water, I employ a couple of gazometers; and with this alterattoi^' 
the experiment is more easily managed, as well as more strikio^ ' 
The apparatus, thus modified, consists of a large glass receiver Bf' 
'ibl^Ue a (pi. iv. fig. 34), with an opening at the bottom, into which » 
jitmentod a piece of brass, perforated with two holes. This ' 
Jliece is repi-esented of a larger size in fig. 33 ; the aperture a 

the oxygen gas. and 6 the hydrogen. Before comme.., 
"■jriment, the cock e, fig, 34, is screwed, by means of a coll 

i volume of the Pliiloaopllical Magazine, nn intereating a< 
nltcd uf the principsJ experiments on the coni|iosition of wmt 
^hf neai tmd perspicuous eugrKvings of tlie Hppualua cmpl j[ 



joiot*, to the cock b of Uie gazometer, fig. 35, containing oxygen gag ; 
and to the cock d, by the same means, la aiBxed auother gazoractcr, 
;4ite(I with hydr^en gas. 

■ When it is intended to aacertain, accurately, the proportion of 
^ses consumed and of water gene rated, the receiver a, previously 
ffl^i^eti, is first exiiausted by an air-pump, with which it may be 
tcennccted by the female screw at c. The quantity of common air 
left in tlie receiver may be determined, by enclosing a gau^ within 
If (he additional expense be not deemed an objection, ifis advi- 
,aeable, that after exhaustine the receiver, osygen gas should be ad* 
fitted ; its contents be exhausted a second time; and again renew* 
«dby fresh oxygen from tlie gazometer, the quantity of which may 
Tie observed by tlie graduated scale. The receiver being thus filled 
^^Jtith oxygen gas, and acciirately closed by a cock at e, a succession 
oC sparks is to be passed, from the prime conductor of an electrical 
HMCftine, between tlie platina knob of the bent wire within the 
_ »iver, and the point of the brass cone. While the sparks are 
^«nsmitted, the cock ij is to be opened. A stream of hydrogen gas 
will immediately issue from the aperture at the point of the cone, 
ttad will be inflamed by the electric spark, as represented fig. 53. 
^e cock e is now to be opened, and the size of the flame of 
Kydrogen gas moderated by partly shutting the cock d. As the 
Votume of hydrogen gas consumed is double that of the oxygen ; 
and tike pipe, which transmits it, is of less diameter than that con- 
veying tile latter, about twice the pressure is required to espel the 
hjiIrogeD- This is given, by lessening, in that proportion, the wei^t 
Im the counterpoise [ee, fig. 35) of the gazometer containing hydrogen. - 
' Daring the combustion, the moveable vessel c, fig. 35, of each ^- 
Mmeter. descends; and, by observing the graduated scales, it will 
be seen that the hydrogen vessel fills twice as quick as that which 
[tolds the oxygen aas. It is necessary to keep the receiver a cool by 
neans of wet cloths; and. when this is done, the water, which is pro- 
Ivced, will form into drops on the inside of the receiver, and collect 
ifr.^e bottom. At the conclusion of the experiment, the receiver is 
jto be again weighed, and the increase noted. The quantity of gases 
Ibfkeumed is to be observed, and their actual weight computed, by 
IttABs of the table given in the Appendix. It will oe founo, that the 
' ^t o^ water produced is very nearly equal to that of the two 
IS expended; that is to say, for every hundred grains of water 
[ienerated in the receiver, 88.3 grains of oxygen gas, and 1 1." grains 
^^rf hydrogen gas (equal by measure to about 250 cubic inches of" 
Sgrmer, and 500 of the latter), will have disappeared from the 
»Ktei-s. 

Of the Prnportion of the Elements of Wnter. 
The precise determination of the proportions of oxygen a:nd hydi 
>a IB water, is a problem oFgreat importance, not only on account 
F*lw fact itself, hut of its influence on tlie general theory of che- 
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count 
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pl. V. fig. 47: and the corresponding: de9cri(ition of Ihe 

joint, in the cxplaniition of the pUtes at the end of Itie wort, 



mtstry. The resullsofalmostall the earliest experiments 
prove, ihat water is a cuiapound of H5 parts by weight of 
and 15 of hydrogen. These numberB were afterwards corrot 
Fonrcroy, 8tc, to 85.7 of oxyEjen. and 14.3 of hydrogen ; and iSiij 
it was shown, by Humboldt and Guy Lus^ac, that the quan^ 
aqucons vapour, which gasps always contain, being subtracted^ 
a nearer approximation to truth to state the proportions at S7A ^ _ 
J3.6. It IB admitted, on all hands, that water is formed by the unioa 



of two volumes of hydrogen gas, and _ „ „ 

greatest deviation from those numbers that has ever iJeen cunlendeA 



e volume of osy gen gas. Th* 
:hat has ever tieen cunlendeA 
Tor, is that 100 measures of osyi^en ntsrombined with 19? of hydro- 
gen. A difference, however, 80 difficult to ascertain, on account of its 
minuteness, may be neglected ; and it may be safely assumed, that 
4he s;enerd statement of one volume of oxygen to two of hydrogen is 
correct. 

In determining the proportion of the elements of water, every 
thing will depend, therefore, on the precision with which the specif 
fie gravities of oxygen and hydrogen gases are ascertained. Taking 
the results of Biot and Arago as accurate (viz. 1.10359 for oxygen 
gas, and 0.073S1 for hydrt^en gas), the proportion of the elements 
of water must be as those numbers ; and 100 grains must be compo- 
sed ef ' 

Oxygen 

Hydrogei 



These proportions scarcely differ from those determined t 
melius (81 An. Ch. 25), viz. 



Oxygen 
Hydrwi 



Hydri^en 



100. 



850.7r 



If ^len we admit, with Mr. Dalton, that water ii 
an atom of oxygen united with an atom of liydrn 
weights of these atoms will be the same as the retative y 
oxygen and hydrogen, ascertained to form water, via:, for I 
very nearly 7.5, and for hydrogen 1. Or if, with Dr. W 
and others, we denote the atom of oxygen by 10, the atom o 
Oen will bear to 10 tlie same ratio that I bears to 7.5, titx. i 
^enoted by 1,337. It should be observed, that Mr. Dalton i 
i the relative weight of the atom of oxygen to be to tha^ 
'" '■ 7 to 1 ". But this determination is founded on tJien 
|t and Gay Lussac, and not on the more i-eccnt, a^l 
" wrect ones of Biot and Arago. 
^UflwAI, however, to be possible, though it is i^ 
V ot the subject, tliat water may be a comp^r 

• New System, p. 27.'^, 



wo atoms of hydrogen with one of oxygen, which would double thij 
~ ight ofthe atom of oxygen, and make it 15, the number assumed 
Sir H. Davy. But hitherto wi? Iiave no evidence that oxygen and 
ydrogen unite in any othei- proportion, than that constituting wa- 
its ftr whatever excess we employ of the one gas, or of the other, 
te surplus invariably remnins witliout alteration. Now it admits 
Wbetng proved to be consistent wilh mechanical principles, that the 
t^ost energetic combination of any two elements is that, in which 
ley are united particle to particle. Until, therefore, the contraiy 
ihn be established, we may assume, with Mr. Dalton, that water ib 
'btnary compound of 1 atom of oxygen, and 1 atom ofhydrogen: 
od, adding the weights of these atoms together (7.5 + l), an alom 
water wdl weigh S.5. The same proportions, expressed by dif- 
CTit numbers, as proposed by Dr. WoUaaton, will make the rela- 
ive weight of an atom of water 10.000 + l.32r = 11.327 j the only 
Hfereoce in this wav of stating the fact, being, tliat oxygen, instead 
hydrogen, is expressed by the decimal unit. 



SECTION II. 
Analysis, or Decomposition, of Water. 



The analytic eitperimenta on water are of two kinds: 1st, Siii 
present us with one of its ingredients only, in a separate and dis- 
tinct form ; 2dly, Such as present us with its two component princi- 
jles, the hydrogen and oxygen, mixed together in the state of gas. 
I. Of the first kind are tne following : 

1. Procure a gun-barrel, the breech of which has been removed, 
80 as to form a tube open at each end. Fill this with iron wire, coil- 
ed up in a spiral form. To one end of the barrel adapt a email 

jlasB retort, partly filled with water, and to the other a bent glass 
nbe, the open end of which terminates under the shelf of the pneu- 
ia.tic cistern. Let the barrel be placed horizontally (or rather with 
bat end, to wiuch the retort is fixed, a little elevated) in a furnacCi 
fhich has two openings in its body opposite to each other. (PI. iv, 
g. 40.) Liujht a fire in the furnace ; and, when tlie gun-barrel has 
ecome red-not, apply a lamp under the retort. The steam of tlie 
«ater will pass over tne red-hot iron, and will be decomposed. Its 
OxyeeD will unite with the iron ; and its hydrogen will be obtained 
in the form of a gas. This is the readiest and cheapest mode of pro- 
rinehydrogen gas, when wanted in considerable cjuanlity. 

2, The same experiment may be repeated ; substituting an earth- 
en tube for a "un-barrel, and weighing the iron wire accurately, both 
before and alter the experiment. The iron will be found to have 






Q^ned weight very considerably; and, if attention be paid to the 
Weight of the water that escapes decomposition, by an additioiMlj 
'* apparktus (Sg. 40, c), and to the weight of the njdri^n gas 



to tne I 
as<i^^H 



a of air will be formed at each explosion, ami will ascend till the 
i|)er part of Die wire is uncovered by the water. As soon as this 
cAtictefl, the ne^t shock liiati^ pas^ied will set fire tothe mixed 
■es, and the wal'jr willl rise agnin in the tube.avery smail quan- 
^F of ga£ iTinaiiiiiig. Nuiv, as hydrogen aiid oysgeii gases, in a 
ate of admixture, are the only ones that are capabTc of bein^ in- 
imeil by the electric shock ; and as there is nothing in the tube, 
Blda water, that can aiford them in this esperimcnt, we may safe- 
lihfer, that the evolved hydrogen and oxygengases arise from de- 
^^sed watei'. 

^ An improved apparatus, exhibiting the same experiment, with 
» trouble to the operator, has been invented by Mr. Cuthbertaon, 
a jnav be seen ileacribed and figured in Dr. Pearson's paper in the 
dloBophicai Transactions for 1797, or in Nicholson's Journal, vols. 
and ii. 4to. 

^S. The decomposition of water by galvanic electricity is a process 
igular adapteii to demonstrate the fact in a single and. elegant 
^ner. The manner of conducting it, as well as the results, wUJ 
fully explained, when we come to treat of the general principHf 
electro-chemical science. 




SECTION III. 

Properties and Ejects of ITitter^ 

WSier contains nir.— This may be shown by placing a gll 
iBel of water under the receiverof an air-pump. During the ex- 
fStion of the reciever, bubbles of air will be seen to ascend very 
ptifully. Much air escapes also from water, during boiling, and 
jT be collected by a proper apparatus. The same fact may also be 
Sbited, by filling a barometer tube, about 33 inches long, sealed 

■fje end, with quicksilver, except about four Inches, and the re- 
ader with water. Un inverting the open end of the tube i 
icksilver, bubbles of air will be seen, in a short time, to rise fro; 
1^ water. 

Ebe-kind of gas, extricated fmm the water of a spring at a 
rable distance from the surface, I have made the object of espei 
Rtt. From 100 cubic inclies of the water, or about 3Jwine pints," 
. cubic inches of gas were separated; of which 3-.38 were carboQ- 
ticid gas, and 1.38 air of the same standard as tliat of the atato3' 



Whenever in tlie eouru: of thiR work, water is menUoned u 

' chBmical operation, pure distilled water ist 
: Phaosophical TtaiisachioDS, 180 J. 



tied I 



It is probalit? that the proportion of g^eoua contents diffi 
the water of dilTerent springs, for Mr. nalmn states the aveif 
his experi merits In be about 2 inches from 100 of water, am 
tile air eitpelled, after loain:; 5 or 10 per cent, of carbonic ai 
the action of lime-water, con^isteJ of 38 per cent, oxygen I 
nitrogen*. 

Every gaa is absorbed by water, deprived of all or the g 
of its air by long boiling. The ciunnlity, however, wiiich i 
capable of absorbing, varies considerably with res[>ect to i 
fereiit gases. Those, of nliich only a small proportion is ab 
require violent and long continued agitation in contact with 'i 
Tlie following table has been drawn up bv Mr. Dalton from ' '' 
bined results of his own experiments and mine. 

Water absorbs, at the mean pressure and temperature a 
atmosphere. 

Of carbonic acid gas its own buUcI 

sulphureted hydrogen do. 

nitrous oxide do. 

olefiant gas | 

oiygen gas , |,. 

nitrous gas do. 

Carbureted hydrogen do. 

carbonic oside ,',. 

azotic gas do. 

hjilrogen gas do. 

fticcgracy of these results has been called in question by jjj 
THjo, from a series of experiments of his own, has deducM 
'" expressed in the second column of the following TaB 

(l*9e5, 100 volumes of water 100 

Absorb (Dxlton and Henrv) abi 

rated hydn^en 100 . . .', 



mk Itcid . 

W»<»ci(Je 100 .. 

»B" gw 12.3 .. 

" 3.7 .. 

iBlo Wide 1,56 . 



1.56 , 



ilUtely pure water (not merely freed from air by boilintf 
^^ja recent experiments of Mr. Dalton, takes up ^p 
"^ajtotie gas, and two per cent, of hydrogen. 
^ia disposed to abide by his original numbers, l 
^ Baussure) as much greater than the truth}. 

\ Thomson's Ann»l», v 



:T. in. Phopertieb of wateh. 

II. Water ii contained in the air oj' the athofipk^e, even imingtht 
■iest weather. — Kxpose (o the air, m a shallow vessel, a little >ul> 
Ifbonate uf potashor common salt of tai'tar. Id a few days it will have 
iCOine moUt, or dvliquiated. Un the same principle, water exposed 

the air, in a shallow ve!^sel,ilisappears, being dissolved by the atiiins<- 
re, Baussui'e states the quantity of water in a cubic foot of air.cliar- 
wi^ moisture at 65° of Fahrenheit, to be 1 1 grains. The nuanU^ 

water, that may be extracted from 100 cubical inches of air, at 
.' Pah re title it, is 0.35 of a grain ; but, according to Clement and. 
esorines, at 54" Fahrenheit, only 0.236 of a. grain can be detached 
r.99Cpo9ure to muriat of lime. The experiments, bolh iif these the--' 
ists and of Mr. Dalton, concur in proving that at the same tempe- 
fture. equal bulks of dilTerent gasesi give up the same quantity of 
liter to deliquescent salts. The portion of humidity, which they 
in B abandon, has been called kijgrtimetric water. Whether they 
^ntaia a still farther Quantity in » stale of more intimiite union 
id not separable by deliquescent substances, is still undetermined. 

III. Several bodies absorb water from the atmosphere, which can 
sarcely be supposed to have an affinity for it, and again give it up, 
I the application of agentle heat. Such are almost all substances 
I the state of powder: .porous paper ; soils which have been nrti- 
siallydried; parched oat<meal ; and even the filings of metals. 
>me powders retain tlie moisture they have arbsorbed, till a consi- 
trable heat is applied*. The nature uf this combination is nut es* 
itly understooil. 

lliere are two diiferent theories of the state in which water es- 
ta'iti the atmosphere anil in otiier gases. By most writers, it has 
ji considered as united to air by chemical affinity; and, when'ab- 
ictedby other bodies, (as sulphuric uciil, lime, and the whole class 
deliquescent salts) the elfect has b^en ascribed to the superior 
nityof those bodies for water. Mr. Ualton first took a difi*erent 
iBof the subject, viz. that the vapour of water, mixed with air 
1 other gases, dilTers in no respect from pure steam, and ts subject 
the same laws. It constitutes, indt-ed, in his opinion, a distinct 
\ indepeadent atmosphere, tiie elastic force of which forms, at 
fereiit temperatui-es, different proportions of the elastic force of 
whole ; for example, at the temperature of 65° Fahrenheit, it 
gires to air jl of its elasticity. This theory appears to have muck 
ire probability, Ihan that which explains the phenomena by cliemi- 
1 affinity; and it is supported, especially, by the absorption of cnl- 
le, which is ascertained to be of the same amount in spontaneous 
in forced evaporation. 

ikstrumeiits f<H- measuringthe deE^ree of moisture of the air are call- 
Itggto meters. They consist, for .the most part, of some substance, 
cTi us a human hair or a fine slip of whale-bone, which is elongated by 
oiat atmosphere, and shortened by a dry one. The extreme point!) 
e attained by placing it, first in air artificially dried, and then iit 
'rendered as humid as possible. The degree of espxDaion ' 

• BewfcliuB, 79 An. Cljini. 118, 



traction ia rendered more sensible by cnnnctliti!; it with nn 1 
whkh moves a circular index, like tlie linj^r uf a clock. Mr.'^ 
lie, by a slight modification of his difterential tlicrmumeter, niij 
serve the purpose of an hygrometer ; for if one of the balls be d 
ed with silk, and then moistened with water, the rate of evapi'^ 
will be shown by the degrue of cold 'produced, as indicaten _, 
descent of the liquid in the opposite leg of the instrument. '^ 
drier the air, the quicker will be the evaporation, and the greatt 
effect in moving the liquid within the instrument. ' 

A new kind of hygrometer has lately been constructed by] 
Wilson, of Dublin, it consists of the urinary bladder of a rl 
Other small animal, into which a thermometer tube is inserteij 
bladder being afterwards filled with mercury, and tied firmly! 
the tube with a silk thread. The point of extreme moisture is tl 
by immersing the bladder in water of the temperature of 60"*'L 
renheit, and that of extreme dryness, by enclosing tlie bulb itf 
dried by contact with concentrated sulphuric acid. The intetif 
divided into lOO equal parts, being placed at the point of estt 
dryness, and tOO at that of extreme moisture. Some correctS 
the results obtained with this instrument is necessary, on a 
the effects of changes of temperature on the bulk of the t 

IV. fFtUfr Alters into comhination uiitk various solid bodi 
eittireli/ loses its Jtuid form. In many instances, it unites o 
a definite proportion ; and it is retained by so powerful an ai 
aa not to be separated by a very high temperature. Such com^ 
are termed hydrates, or, as Gay Lusaac has proposed, kydrc 
The pui-e alkalies, potash, and soda, retain, for example, evt 
fusion, about } their weight of water, which can only be sepi 
by some body having a stronger affinity for the alkali. In all hyd^ 
at least one atom of water must be present, or it must be coutj 
in them in such quantity, as to bear the proportion of at l«i" 
to the weight of the atom with which it is united. If, for exi 
the weight of the atom of potash be 48, as Sir H. Davy suupos 
Cannot nave a true chemical compound of water and pntagfi, in 
the former hears to the latter a less proportion than that of 8.5 fl 
And if, in any instance, water is detained from a compound in a 
portion less than that of the weight of the atom of water,/ 
weight of the atom of the boily with which it is associated, v& 
tike for granted that it is held mechanically and accidentally 
not aa a true chemical constituent. Such appears to be tlie nL 
of the union of water with certain neutral salts ^common salll 
"^mple) which contain only 1 or 2 percent of their weight of >J 

V. Wirier dissolves a great variety of solid bodies. — ^Tlje 1 
, on which it exerts this efl'ect, are said to besolubtq 
and there are various degrees of solubility. Se; chap, ii 
'"in the Appendix. 

■ing the solution of bodies in water, a chavge oft' 
■In most instances, an absorption of caloric (In * 
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RlVortls, a production of cold) is atteiiditnt OQ solutioB, as in the « 

pmplea given in cliap. iii. sect. 3. But, in other cases, caloric is evoi 

Ad, or heat is produced. Thus, common salt of tartar, during solu- 
tion ill water, I'aises the temperature of its solvent ; aciil caustic pbt- 
ishi in a state uf dryness, does the same still mora remarkably. Both 
^i^onated and pure pofash, however, when crystallized observe the 
'BUal law, and aosorb caloric during solution. Now as their dilTer- 
i, iathecrjstalized and uncrystalliiedatatt, depends chiefly on 
their containing in the former, but not in the latter, water chemically 
. fibined, we may infer, that the cold, produced during the sulutinn 
tf„8alta, is occasioned by the conversion of the water, which eiisla 
R, these bodies, from a solid to a liquid form. Some doubt, it must 
e acknowledged, ia thrown on this conclusion by the obvervation of 
y liUEsac, that a saturated solution of nitrate of ammonia mixed 
, li; water of the same temperature ia cooled 8 or 9 degrees*. 
yil. Darins the solution of salts in water, a quantity of air is 
"^fOgased. — n lis air was partly contained mechanically in the 
St^ and partly m the water. That it does not arise entirely front 
lie former source, is proved by varying the esperiment in the foU 
BHwing manner. Let an ounce or two of the sulphate of soda be put 
*ibtO & vial, and on tliis let as much water be poured as will com- 
ijotely fill the bottle. The air contained in the pores of the salt 
B^idtl be thus disengaged; but only a small portion of the salt will 
Viie dissolved, agreeably to the principle laid down, chap. ii. 7. Let 
mihi vial be shaken, and the whole of the salt will disappear ; a fresH 
wrtion of air being liberated duritia; its solution. 
VIII. During the solution of bodies, tkf. bulk of water changes. 
^»Take a glass globe, furnished with a long narrow neck (com- 
^ tuly termed a matrass, see tig. 4], and put into it an ounce or two 
fTttulphate of soda. Then, add as much water as will fill the globe, 
nid about three 4th8 of the neck. This should be done with as'little 
citation as possible, in order that the salt may not dissolve, till re- 
ptred. Mark, by tying a little thread, or by a scratch with a. file, 
» line where the water stands; and then agitate the matrass. The 
jilt will dissolve ; air will be set at liberty ; and, during tlie solution, 
jB. water will sink considerably below its level. The contraction of 
olk is owing to the diminution of temperature ; and, when the water 
ju regained its former temperature, it will also be found, that its 
Jttlk is increased by the addition of salt. The late Bishop Watson 
Kabserved, that water exhibits a [iiaoifest augmentation of bulk, by 
Piissolvin"; only the two thouaaudth part of its weight of salt ; a fact 
Fgufficiently decisive against that theory, which supposes pores in 
i water capable of receiving saline bodies without an augmentation of 
I ^lutue. 

\ f IX. fVater has its solvent power increased, by diminishing Ike. 
^pressure of the utmosphTe. — Into a Florence flask, put half a pound 
|tof eulphate of soda; pour on it barely a pint of water, and apply heat 
* « boil tlic water. The whole of the salt will be dtB goltedV Brit^ 
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Ihe solution far several minutes pretty struneily, 90 &9 to cliive o-'^t 
the air ; and cork tlie buttle tij^lilly, imine<liately uii its reinw ' ' " 

the fire. To prevent more c(im|»letel^ tlie admissioo v( oir 
cark ovei' witli bladder. As the vessel cools, an imperfect 
will be foriRcd over the soluUim ; for the aCeaui which arines dtirii 
the ebullitioD ex))eU tlie air, and laked its place. The ^>teain is 
(lensed a^in, when the vessel cools. The solution, when uerfecl 
ctjid, may be shaken without any eftuct ensuing so long as tne 
is kept clo^ly stopped ; but, on removing the corL and eltakl 
vessel, tlie solution will immediately congeal, and heat will be prs 
duced. This experiment, besideii the principle wliichit is peculiar- 
intended to illustrate, exemplifies ai^o the general rule laid di>w^ 
shsp. iii. sect. 2. vi. vix- that caluric is always evolved, during iC 
transition of bodies from a fluid toaanlid stale ; and iti'urniijiieiiafaj 
exactly the reverse ef that in which cold is produced, or caloric absor* 
ed.duringthe solution of salts. It is proper, liowever, to remark tb *~*h 
the djaervutions of Dr. Coxe, of Philadelphia^ have thrown sDii«r~*'' 
doubt over the cause of these phennniena, which appears to requii -^ * 
farther investigation. From his esperimenta, the exclusion of a«^ 
,,dpes not seem to be absolutely necessary ; for saline solutions cwt^C* 
ilBUed fluid, if perfectly at rest, throu*;h freely exposed to theafmin^'-* 
plicre, but immediately became solid when shaken*. The efficac:^-' 
of tnechauical disturbance in promoting saline crystallization, und^ *- 
circumstances wjiere it has been ascribed to tJie renewed contact )p- 
ftir with the surface of the solution, is illustrated also by some bK-^^ 

rnmeuts of Dr. Uret. ^^ 

S. It is unnecessary to add any thing to what has been ali-ead^^^ 
said in a former section, respecting ihe combination of caloric wtfk^** 
constituting steam ; or to the history uf tlie phenomena atteo^c^^ 
diilB; its conversion into ice j except that, durinj; the latter clians^^^ 
its.Dulk is enlarged in the proportion uf nine to eight, and ilial, ir:^^' 
cwsequeuce of tTiis expansion, water, during congelation, t« cujiiii>I^^=^ 
lof bur^ng the strongest iron vessels; and becomes sprcilicallj "^ 
lighter- Hence, ice swims always on tlie surface of the water. 

It is remarkable, tlrnt this enlargement of the bulk of 
long before its temperature has descendeil to tlie freezinj, , 
st4bout.40'' Kalirenbeit. Let a thermometer bulb, and' part uf 
tube, having a wide bore, be filled with water, tinged with a lit _^ 
litmus, which may t>e introduced by the same means as those alrM"*^ 
dyidirected for fdliug with ijuicksilvcr. Immerse tlie thermnmeti 
in water uf the temperature of 40°; and, when the inch 
Inaj be supposed to nave attained the same degree of he 
thein&trUBieiilsuccessively into water of the tempoi'aturc •■ 

"'. At each immersion, the water will rise in the tulu . 

iperature ajjuin to 4ti°, and it will descend to the s.hhl.- ji.nm -.,-. 

ure. Pi.ire it in water of oO", and it will again be eximnded><* 

eclsek similar effects, therefure, appear (0 result, in these e)L[tari-<« 
. ajnta, It'om two opposite causes; for the bulk of water is alike iD>^ 
creased by redui^ing or raising its temperature. !t is contended. 



lie water. ■ » 
if water begiiM(t^a> 
^ing point, v^MM 
..y .....^ ' -- T"?-. 



* Tttcnnaon'B Annslfc vi. IQl. 
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awerer, by Mr. Daltoti, tliat, in the apparent expansioH by n lower 
mperature, there is a cleci^ption, arising from the contraction uf the 
Ass, which must lessen the capacity of the bulb, and force the wa- 
Iriip the stem. The quesfiun is not yet decided ; and U still con- 
9ted by Mr. Dalton against the experiments of Count Rumford and 
'Dr. Hope. The first menlioneu philosopher now contends, that 
Afer is of the greatest density at 36° of Fahrenheit, or 4' above its' 
eezing point, and M. fiiut infers that the true maximum of denaity- 
.atS8.16of Fahr.* 



CHAPTER VII. 



^S 



That branch of natural science which comprehends the pheno- 
1 of Galvanism, and the general principles under which they 
B arranged, is only of recent origin. It was not till the year 1791, 
itGalvani, an Italian philosophei-, being engaged in a course of 
ftetimaits on animal irritability, observed accidentally the con- 
tctions which are excited in the limbs of frogs, by applying a con- 
ctor of electricity between a nerve and a muscle. 'Fhe theory, 
lich he framed to account for this phenomenon, was, that the diffe- 
ht parts of an animal are in opposite stales of electricity, and that 
t effect or the metal is merely to restore the equilibrium. The 
llo^, however, was afterwards shown to be witnout foundation, 
VMtft, who excited similar contractions by making a connexion 
tween two parts of a nerve, between two muscles, or between tw» 
ptB of the same muscle; but to produce the eftect, two different 
lals were found to be essential. Hence he was led to infer that, 
'tiiccontactof different metals, a small quantity of electricity is 
lited; and to the agency of this electricity, first upon the nerves, 
i through their mediation on the muscles, he ascribed the pheno- 

a in question. 

neral years elapsed, during which the action of galvanic elec- 
ilty on the animal body, and the discussion of its cause, occupied 
(attention of philosophers. Early in 1800, the subject took anew 
n, in consequence of the discovery by Signor Volta of the Galva- 
I Pilet; a discovery which has furnished us with new and impor- 
ftt iDstruments of analysis, capable, if any such there are, of lead- 
[ to aknowledgeof the true elements of bodies. From this period, 
coveries have multiplied with a rapidity, and to an extent, which 
s any thing before known in tne history of science ; and the 
w become so numerous, that an arr&Rgement and classiK- 
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cation of them seem to be preferable to an historical detail in the 
order of time. The method, which appears to me best calculated to 
give a distinct view of the subject, is to describe, 

I. The construction of galvanic apparatus, and the circumstances 
essential to the excitement of this modilication of electricity: 

II. The facts, which establish its identity with the electricity exci- 
ted by ordinary processes : 

III. The agency of the electric or galvanic fluid in producing 
chemical changes : 

IV. The theory, by which these changes, in the present state erf 
our knowledge, are best explained: And 

V. The hypotheses, which have been framed to account for the 
origin of the electricfty, excited by galvanic arrangements. 



SiECTION I. 

Of the coyistriiction of Galvanic Arrangements, 

For the excitation of ordinary electricity, it is well known that 
a class of substances are required, called electrics, by the friction of 
which the electric fluid is accumulated, and from which it may be 
collected by a different class of bodies termed non-electrics or conr 
ductors. When friction, for example, is applied to the glass cylin- 
der or plate of an electrical machine, that part of the glass, which i*. 
in contact with the rubber, attracts the electric fluid from it, as well 
as from all other conducting bodies, with which the rubber is con- 
nected. The glass, regaining instantly its natural state, repels the 
electric fluid, which is received by the prime conductor, placed for 
that purpose. All tlien that is eftected, by the action of the machine* 
is a disturbance of the natural quantity of electricity in bodies, or * 
transfer of it from some to others, in consequence of which, while 
the latter acquire a redundance, the former become proportionally 
deficient in their quantity of electricity. 

The conditions necessary to the excitement of galvanic electrici- 
ty are altogether different ; for the class of bodies termed electric$i ' 
have now no longer any share in the phenomena. All that is reqoiiv'; 
cd is the simple contact of different conducting bodies with each 
other ; and it Has even been found by Dessaignes that two discs of rt«' 
same metal, heated to different temperatures, give sufficient electri- 
city to excite contractions in the legs of a fro";, prepared for the 
fmrpose. Conductors of electricity have been divided into perfect and 
nperfect, the former comprehending the metals, plumbago and*! 
charcoal, the mineral acids, and saline solutions ; the latter or imper- 
fect* including water, alcohol and ether, sulphur, oils, resins, me-. 
tAlIic oxides, and compounds of chlorine. 

f'he least complicated galvanic arrangement is termed a simpU 
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r.E. It consists of three conduttore, two of which muat 
Ihe one class, and one of tlie other cljiss. In the following Tii- ' 
jCoiiatructed by Sir H, Davy, some riitterent simple circles ace 
igetl in the orders of their pnwera, the most energetic occupying 
'-"heat place. 

H^. ai>ni& Electrical .Srrangements, which by eoinbination fonti 
Itaie Batteries composed of tico Conductors and one imperfect ' 
aditetor. I 



Each of these ia the po- 
aitive pole to alt the 
metals below it, and 
negative with respect 
to the melala above it 
in the column. 



Solutions of nitric uiid. 



if other neutral sails. 



of some Electrical Arrangements, consisting of one Cuiiduclor J 
and imperfect Conductors. 



i of stdphur and potash, 
of potaati, 



Copper, 

SDver, 

Leiul. 

Tin, 

Zinc, 

Other Metal9, 

Charcoal. 



Sulphuric acidj 

Muriatic acid. 

Any solutions con 

tainiiig- acid. 



I'u^planation of these Tables, Sir H. Davy, observes, that 
" tBhen the fluid menstrua afford oxygen, those metals, wrjicii 
IheBtroDgeat attraction for oxygen, are those which form the 
«pole. But when the fluid menstrua afford sulplmr to the me- 
lemetal which, under the existing circumstances has the strong- 
raction for sulphur.iletermines the positive pole. Thus, in ase- 
jrltiopper and iron plates, introduced into a pt>rcelain trough, th(^ 
flf which are filled with water or with acid solutions, the iroi 
lUveand the copper negative ; but when the cells are filletl with 
iouofsulphuret of potash, the cupper is positive and the iron ne- 
When one metal only ia concerned, the surface opposite tlie 
Dative, and that in contact with solution of alkali andsul- 

Bprufalkali, is neeative' 
e powers of simple galvanic circles are but feeble ; but thej 
be made sufficiently apparent by the rullowlng experiments. 
When a piece of xinc is laid upon the tongue, and a piece 
:r under it, no sensation is excited, so long as the metalii a 
.apart; but on bringing them into contact, a metallic taste is dis 
tjy perceived. In tliU case we have an example of the arrange- 






In tills case we have a. 
i'ot two perfect conductors (the metals) 



'itii o 

• Ei. of Chim. Phil, p, 148. 
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uniting the zinc end of the one with the copper ernl i)f th« 
y ttie intervention of a inetallir. wire, or by an arc of Bitver or 
It ma^ be sullicient to add, in gRaernI terma, that every com 
ion, which is capable of forming a simple galvanic circle, lua^, 
iiflicient repetition, be made to cooipose a batterj. The corob 
ions, also, which are most active in simple circles, are obsprvei 
B most efficient in compound ones. The foregoing tables of Sir 
)avy express, therefore, the powers of compound as well as of sirr 
In arraiigements. 

To construct a battery of the 'Jirst order, it is essential ""■ ' * R 
lid be employed, which exerts a chemical action upon one of t^C" he 
letals. Pure water, entirely deprived of air, appears to be ine^^lfK- 
ient. In general, indeed, the galvanio effect is, within certain ti- 

itfi, proportional to the rapidity with which the more oxidable inel^MHal 
acted upon by the intervening fluid. Spring water was found ei^^nF- 
ictent, in Mr. Children's immense battery, to produce the igniti- oa 
'f platina wire. The fluid generally used is nitric acid, diluted wi 
Q or 30 times its weight of water. Mr. Children recommends 
Jxture of three parts Tuming nitrous acid, and one sulphuric, dil 
td with thii'ty parts of water. Directions, also, respecting the bi 
:ind and density of acids, for producing galvanic electricity, ^^^uv 
Iven by Mr. Singer. From bis experiments it appears, that acid of 

ifferent densities is required for different purposes. Tite best v^^mn 
letting charge is formed with ten gallons of water, live pounds of 

litric acid, and half a pound of muriatic acid. 

The power of the apparatus has been found to be increased, wlh^^ea 
insulated by non-conductors ; and when surrounded by an atmo3ph^^«i» 
of oxygen gas ; not sufficiently, however, to make it necessary to =""_» • 
Sort to either of these expedients in ordinary cases. Oxygen gas jB^ 
appears in this process, when carried on under a receiver ; and al='="*f 
Bit the oxygen is absorbed, the effect ceases, and is renewed by HJ* 

frotlucing a fresh portimi. A battery, also, which has ceased to V 

^cient, lias its activity renewed by emptying the celts of their ^' 
aor, and uncovering the plates. When the cells are filled with ** 
itxd nitric acid, the apparatus continues active, even under the i^^^ 
banated receiver of an air-pump, or in an atmosphere of carbo^^BlC 
BCid or oitrogen gases. But if the cells be filled with water ou^'/. 
Ul action is suspended, by placing it underany of these ciiTuiii=t-^^n- 
Ces. Hence it appears that uie oxidation of one or both of the riJi'i-s^'-S 
iftmposing the .trough, is essential to the excitement ot 
Slectricity. 

The etfctric column may be classed among galvanic arrangemi 
vas originally contrived by M. de Luc, who fonned it otdisi 
[ch gilt paper, alternated with similar discs of laminated 
were piled on each other in a dry state, and the inatrui 
of being soon exhausted, like the pile witli humid subsfr 
' to continue active for some years*. A similar mli 
by laying a mixture of very finely powdered zinc, 
nglueajKl a little sugar, by means uf a brusii.un tlieLr, 
Nicholsua's Jouiii^il, vol. xxri. 





Btch gitt paper ; and, when dry, cutting it iiit« discs, which are io 
pHedoii each other*. Zambuhi of Verona has constructed a pile 
■ulips of Bilver paper, on the unsilvered side of which is spread a 

Eer of hiack oxide of manganese and honey. These papers are 
td un encii other to the number of 2000 ; tlien covered estemally 
[&i a Coating of shell lac ; and enclosed in a liollow brass cylinder. 
Wo of these piles are placed at the distance of four or five inches 
tm each other ; and between them is suspended, on a pivot, a light 
etallic needle, which is attracted alternately to the one pile and 
e other, so that it moves betiveen them like a pendulum. This in- 
nimcnt has been uppHcd tu the measurement oi time, by causing It 
give motion to the pendulum of a clockt. 



SECTION 11. 
On the mutual Relation of Electricity and Galvanism. 
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1h the influence, it may now be inquired, which is called into ac- 
m in a way so dift'erent from that employed for the escitation of 
dinary electricity, identical with it or of a different kind ? This 
iestion will be decided by examining whether any of those phe- 
"SrieBB, which are occasioned by the agency of the electric fluid, 
; produced aUo by that of galvanism ; &nd we shall find the fol* 
il^gstriking resemblances : 

^. The sensation, produced by the galvanic shock, is extremely 
bil&r to that which is excited by the discharge of a Leyden jar, 
^Hi influences, also, are propagated through a number of persaf 
Ibout any perceptible interval of time. 

B. Those bodies, which are conductors of electricity, are 
nductors of the galvanic fluid, as the metals, charcoal, and ; 
ity of liquids. Again, it is not transmitted by glass, sulphur, ai 
e whole class of electrics, which do nut convey ordinary electricityJ 
' lOns; liquids, those only are conductors of electricity and galvan- 
, whicb contain osy^n as one of their elements^ 
'. Tlie galvanic fluid passes through air and certain other non- 

Eductors, in the form of sparks ; accompanied h Ith .a snaji or re- 
E ; and, like the electric fluid, it may be made to inilame gun- 
fder, phdSJihorus, and mixtures of liydiogen and osyijen gases. 
i has been found, also, by Mr. Children, that in the Vollaic appa- 
itus there is, what is called in electricity, a striking dislanee, 
Ifith a power of 1250 paii-s of four inch plates, he found thi& dia- 
ince to be one 50th of an inch, the tliickness of a plate of air, 
iroag^ which the )j;alvanic discharge is able to pass in the form of 
kpnrk. Increasing the number of plates, the striking distance will 
h^^ater; and the reverse when it is diminished. It is also iw 
tti»al by rarefying the air, throu^i which the spark is transmitt 
- Phil. Mag. slrii. 263. 
t Phil. Magp. slv.261, 
* CniickshBiik, in Nicholaon's 4to. Jountil, '\y. 35B. 
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4. TIic Voltaic apparatus is capable of communicating a 
to a Leytlen jar, or even to a battery. If tlie /.iric enu ol 
(wliether it he uppermost or the contrary) be made to c«mmuil 
with the inside of a jar, it is f liargeil positively. If circu"" 
be reversed, and the copper end be similarly connected, 1 
charged negatively*. The ahocks do not differ from thuae o 
or batteiy, charged to the same intensity by a coiur 
machine. 

5. Galvanism, even when excited by a single galvanic circle<l 
(such as a piece of zinc, a similar one of copper, and a piece of ' 
moistened with a solution of muriate of ammonia), distinctly al 
the gold leaf of the condensing electrometer. If the zinc t- 
Uppermost, and be connected directly with the instrument, thi 
tricity indicated is positive ; if the pin of the electrometer toucl 
copper, the electricity is negative. A pile consisting of sixty 
bini'ions produces the effect still more remarkablyt. 

6. The chemical changes produced by galvanic and c 
tricity, 60 far as they have hitherto been examined, are pre 
Shoilitr. These will form the subject of the following sr-' — 



On the (Jkeniical Agencies of Electricity and Galvnnism. , 

The effects of the electric or galvanic fluids, in producing chemjt- 
Bftl decomposition, cannot be described, without introducing to tl^ 
reader the names of several substances, with which, in the presKXst 
fltate of his knowledge, he may be supposed to be unaccjuainted. Th^n^ 
^ifficolty is unavoit^ble ; for it is impossible to explain the geneKr^A 
laws of electro-chemical action, without a variety of particular 
ftaoces. Id general, however, it will be found that a minute i 
^twintance with the bodies, which are brought in illustration. Is 
fu) means essential ; and that it is sufScient to consider them 
jjDbed simply of two ingredients, which are in opposite electrii 
states, and are subject to the laws of electrical attraction and re] 

S most simple chemical effect, produced alike by the agencj 
Spit/ and galvanism, is the tuition and ^fusion ol meh 
■a piece of watch-pendulum wire is placed in the circuit a . 
" electrical battery, containing not less than three or fogyi 
"' " .ling, at tlie moment of the discharge the wire tij ' 



inly for a few seconds ; no longctja 



%8T0(i.a39,ftndiL 281; CuUibertson, p. 26.1. 



Endeed, than if it had been ia^ited in any other v/i.y*. 1'he same 
jrf^ct may be prodaced by making a piece of wire the medium uf 
sommuni cation between the opposite extremities ofa galvanic truueh; 
hut, in this case, the heat continues sensibly longer, than when it is 
excited by an electrical explosion. Indeed a platina wire may tic 
tept ignited in vacuo, for an unlimited time, by Voltaic electricity, 
neater, surroundins a wire so placed, may be made to boil briskly. 

By means of his Targe battery, Mr. Children not only ignited wire 
if considei-able thickness; but a bar of platina, |thof an inch squara 
^d Si inches long, was ignited, and even fused at one end. The 
facility of betn^ ignited in the different metala appeared tu be in- 
veraely proportional to their power of conducting heat. Thus pla> 
^na, which has the lowest conducting power, was must easily igni- 
ted ; and silver, which conducts heat better than any otlier metal, 
ras ignited with greater 'difficulty than any of the resti 

It does not appear, that a very powerful combination is required 
Oi produce ignition, if the wire be made of proportionately small di- 
ameter. Dr. Wollaston has ascertained that a wire 3^'^ of an inch 
in diameter may be ignited by a single zinc plate onlv one inch 
■qnare, provided each of.its surfaces be opposed to a surface of cop- 

Kr or some other metal. The liquor which he employed was a mis- 
re of one measure of sulphuric acid with 50 measures of water. 
Any farther diminution in the diameter of the wire he found to be 
■niavourable to the effect, in consequence of the increase of the 
cooling power of the atmosphere.! 

When the power of an electrical battery is increased, metallic 
wires, by transmitting the discharge through them, may be melied 
tad dispersed in the form of smoke, or of an impalpable powder 
Sghter IJian air. The galvanic dischat^, also, is capable of fusinj; 
tetallic wires ; but being less violent, it does not scatter their par- 
lies to a distance. Even wire from the most infusible of the metals, 
&tina, acquires a white heat, and melts into globules. 
With a still more powerful electrical battery (one for e^cample 
totaining about 18 square feet) metallic wires are not only melted, 
[t undergo absolute comfmstioitt Lead and tin wire emit a yellow 
;ht, and copper and silver a green one. If the experiment be mode 
n wire confined in a glass receiver, which contains a measured 
(Uantity of air, the bulk of the air, and its proportion of oxygen, are 
6th found to be diminished4 The metals are converted into oxides 
>f diflerent colours; lead, tin, and zinc, into white oxiUes ; platina, 
jpid, silver, and copper, into oxides ofa dark colour. The experi- 
— it may be pleasingly varied by passing the discharge tlirou^ 
es, stretched over panes of glass or slieets of paper, at a smidi 
lUtancefrom their surface. The metallic oxide which is prodaced 
I forcibly driven into the glass or paper; and produces beautiful 
'^res, varying in colour with the metal employed^. 

" On the quMility oF coated surfuce required for ignitinfr different length* 
'«ire, Uie reader may consult Mr. Cuthbertson's book, p. 161, Stc. 

? Thomson's Annals, vi. 209. * .CiiLbbertson, p. 199. 

Cuthberlson, p. 226; and Wilkinson's Elements of Galvanisni] in the Otd 
late of YibKk Ut^sc ap punmccs arc represent^ 
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The flppnratus, emrli)yed in the masterly esperiments of 
Day}', which liave laid the groundwork of this new field of scl 
was estremely siiii[>le. In cases, where liquid substances wei 
rated upon, he employed occasionally the agate cups p and n, ' 
each of which was capable of holding about atnty grains of 
They were connected to°;ether, as shown in the figure at a, 
fibres of a peculiar flexible mineral called amianthus; and inl 
was inserted a platina wire, the bent extremity of which ii 
each fiefure, projecting above the cup. When the vessels were 
tnal uae, the wire of ^ was connected with the zinc or positiT 
of a powerful galvanic series; and that of n with the copper or 
tive extremity. For the agate cups two hollow gold conea wa 
caMonally substituted {p and n, fig. SI), the wire pi;ajecting (e 
being connected with the positive, and that from n with tlie nci{ 
end of a trough or series of troughs. Solid bodies were submit 
the galvanic influence, either by immersing small pieces of tb< 
the gold cones : or, at other times, by making the cups themi 
sf the substance intended to be decomposed. Or if it was desii 
to preserve them from contact with water, they were laid 
insulated dish of platina, with the inferior surface of which, imoie- 
diatety under the substance used, a wire from one end of the battery. 
was connected, while the substance itself was made to commumca.t<^ 
by another wire, with the opposite extremity of the apparatus. 

When the gold cones were both filled with a solution of sulpha-te 
of potash (aaait composed of potash and sulphuric acid), after CKfX*^ 
aurei during a sufficient time, to a powerful galvanic arrangcmen'^ 
^re poEash was found tn the negative cone n, and sulphuric acid ^ 
the. positive cone p. The decomposition was even quite compleC* 
for the liquid in h contained no acid, and that in p no alkali. 

The experiment was repeated with several other neutral salts 
and with the invariable result, that the acid collected in the poati"* 
'oonCi and the alkali in the negative one. Strong solutions, or thcs^ 
In which the salt bore a considerable proportion to the water, w^> 
more rapidly acted upon than weak ones. Metallic salts were, 
ilecoin posed. The acid appeared, as before, in the positive cone, : 
the metal was deposited, sometimes with a little oxide, in tt)e nt 
tive one. 

Salts, which are either insoluble, or very sparingly soluble, in ^^ 
^ter, had their elements disunited in the following manner. C»*P^ 
coniitructed of them, precisely resembling the gold cot»^^ 
alta were hard and compact in their texture, was ^5' 
These, after being filled with water, were conoect^^' 
es, wilh the opposite ends of a galvanic battery, ^^^> 
lemselves communicating, as before, by means of inoistepej 
At the conclusion of the experiment, sulphuric acl" , 
e made of sulphate of lime) was found in tJ»» | 
Knd lime water in the negative one. Sulphate of strflO" 




^tions for exhibiting the transfer of icid uid alkulj, by 
"~ iciliri^ diiriy pull's of two iacli plates, are given bj 
'a Joutna]. Kiv. 178.) 
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E, flnate of lime, and suljiliate of barj-tes, were ileconiposecf, 
gh less eusily, by the sami; cxp<!<lient. In all these ca^ 
I elenteot was fuutid at tlie piteilive side, aad_the eailhy 
n^ative §ide, of tlie urntDgement. 
pesB facts evidently point out a tranaferenre of the elements of 
wiuatjons fruin one electriiieil vessel oi' smface to another diRer- 
\y electrified. Buttlie principle i^ made much more apparent by 
nie variation of the experiment. Thus, if !>olution of aulpliate of 
k^ be electrified in the positive cone p, water alone being con- 
ied in R, after a sutficleiit continuance uf the electrical actions, 
I' be found to contain diluted sulphuric acid; and the potash will 
discovered in the water of n. Thcalkalimustneccssarily, there- 
to have jpassed, in an imperceptible form, along the connecting 
■inthuB from the vessel p to the vessel n. Reversing the experi- 
K^ and tilling n with solution of sulphate of potush, the alkaU re- 
Qb in this cone, and the acid is transferred to the opposite side 
*ln one experiment, in which nltPa.te of silver was placed in the 
jtive cup, and pure water in the negative one, tlie whole of tli 
tine; amianthus was covered with revived silver. 
h the farther prosecution of the inquiry. Sir H. Davy succeedei 
Iscovering a still more extraordinary series of facts. When an' 
Hnediate vessel (i, lig. 82) was placed between the positive ant" 
ILtive cups p and n, and was connected with both of them by 
kteoed amianthus, it was found that acids may actually be juade 
Ms from n to ^, through the intermediate solution in i, without 
kaning with it. Thus, solution of sulphate of potash being put 
rthe negative cup w, solution of pure auiinonia into i, and pure 
Bfinto^, in half an hour sulphuric acid was found in the water 
le positive cup, to have reached which it must have been traos- 
sd from n through the intermediate solution of ammonia. iVlu- 
Ip acid, also, from muriate of soda, and nitric acid from nitrate of 
■bIi, were transfeired from the negative to the positive side througli 
Werposed solution of alkali. And contrariwise, alkalies and— 
hllic oxides were transmitted from the positive to the oegatiyel 
b through intervening solutions of acids. I 

t is necessary, however, that the solution, contained in the in-1 
lediate vessel i, should not be capable of forming; an insoluble 
sound with the substance intended to be transmitted through it. 
» sulphuric acid, in its passage from sulphate of potash in the 
itivecup throughihe vessel i containing asolution of pure baryies, 
etained by the oarytes, and falls down in ihp state of an insoluble 
Ipound with that earth. 

•iidies, the composition of which is considerably more complica- 
are, also, deconiposed by galvanic electricity. Thus from cer- 
, minerals, containing acid and alkaline matter in only very mi- 
i proportion, these ingredients are separately developed. Ba- 
, for example (a kind of stone which, in one 100 grains, contains 
\^i [Traius of soda and half a grain of muriatic acid), gave, at the 
lOf.ten hours, evident traces of alkali ruund tlie negative, and of 
, round the positive wire. A slip of glassi also, negatively elec>] 



le 

M 
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trified in one uf tlic g:ald cones, had soda dctatciied from | 
GusUined a los!i of sveigfit. 

It may now be understood, nhy, by the agency of galvf 
ter, alkaii appears at tlic negative and acid at the positive wis 
fact was, for some time, not a little perplexing to Sir H. D&^ 
at lenaith, he ascertained that all water, however carefully iP 
contains neutral salts in a state of solution. Krom these im^ 
the altcaline and acid elements are separated, agreeably to a lUB 
has already been explained. In the same way, ah'o, the m 
acid and alkali are accounted for, which some cliemists havoj^ 
cd by a^lvanizing what was before coasidered as pure water u 
whicli has been urged in proof of the synUietical productiua 
those bodies. Absolutely pure water, it has been demonatn 
Sir H. Davy, yields nothing but hydrogen and oxygen g 

All the effects of galvanic arrangements, in producing 
decompositions, it has been found, may be obtained by urdii 
tricity, lis adaptation to the purpose was first successfully atti^ 
by Dr. Wollaston", The appratus, which be employed, vtt 
lar to that already represented (fig. 77, a), excepting that the 
instead nf being exposed to the Duid, contained in the tube, U 
ii'Je length, were covered with wax, and the poii ' 
: .'. Or (what was found to answer still better)^ tl 
<1 in capillary tubes, which were sealed at their fi 
'!■ , III uiLii "round away, till the points alone were i .'_^ 
i, thus airan^ed, were then introduced into j 
t^ttbuag the liquid to be operated on, and v, _^ 
Fwfti) the positive, the other with the negati^ 
*->ical machine, disposed for positive and na 
an solution of sulphate uf copper was tliu8;(| 
fi revived round the negative pole. 
Kthe copper was re-dissolved, and appeared ^ 
fr rendered negative. 
I from ,Jg to 'Y'j'^]; of an Inch In ' 
Ib to transiult electiicity, a succession 0. 
K^r^Bfrom water. When a solution oCg 
IH'VilS passed through tlie capillary tube ; 
.inveoir tlie acid; and afterwards melted andv 
ft iUirL the mere current of electricity, without q 
.lOm WBler. 

Alfiatice proved that by a similar apparatus, ^ 

HKon posed, potash appearing at the negative, i 

c positive polej:. 

.-.MpliiCftl TransRclions, 1S01. 

» Caflihcrtson'E PrutliciU Electricity. 

"iwphicid InnucUans. 1806 
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SECTION IV. 



Theory of tlie Changes produced bij Galvanic Electrieiti/. 

FACT of considerable importance in explaining the pheDomen& 
t farm the subject of the last section was discovered several years 
I by Mr Bennett, and has since been confirmed by the experiments 
Volta and Davy. Dilferent bodies, it is found acquire, when 
lijght into contact either by the whole surfaces or by a single point, 
Srent states with respect to their quantities of electricity. The 
it method of perfornting the experiment is to take two discs w 
■ , the one of copper, tht other of zinc, each about four in< ' 

iter, and furnished with^an Insulatin"; glass handle ; to ap[4 
a for an instant to each other bj their flat faces ; and allej-wai-a 
bring them separately into contact with the insulated plate of tL 
idtnsing electrometer. The iostrument indicates, bythediv^ 
ice of its gold leaves, the electricity acquired by each of ijf 
*tea, which in the zinc plate is shown to be positive, in thecopp^ 
rte negative*. 

n h&d been established, also, by Sir H. Davy, in 18D1, that when 
IBlTanic arrangement of (AesecoRf/fciBrf is constructed, by alterna. 
tfroetallic plates witli strata of different fluids, alkaline HoluCions 
rays receive electricity from (he metal, and acids on the contrary 
nsmititfo the metal. When an arrangbment, for example, is 
ideof water, tin, and solution of potash, the current of electricity 
^m the tin to the alkali. But, in an arrangement of nitric acid, 
i and water, the circulation of electricity is from the acid to the 
. If then the alkali, after having acquired electricity fom the 
ial, coold be suddenly separated from the combination, tliere can 
lio doubt that it would be found in a positive state. For the conr 
ry reason, the acid having given electricity to the metal, mustifl 
could be detached, be found negative. JT 

Still more satisfactory evidenceliaa been since obtained of the eld 
d state of the acids and alkalies, by examining what kind ofela 
ty they impart to an insulated metallic plate. Various dry aci^ 
g touched on an extensive surface by aplate of copper insulsta 
'a glass handle, the copper was found after contact to have \ 
me positively electrified, and the acid negatively. On the c 
iry, making the experiments with dry earths in a similar mam 
e metal became negative. The alkalies i;ave less distinct resu 
ring^to their attraction for moisture. Bodies, moreover, posses^ 
tposite electrical energies towards one and the same body, i 
iind to possess them with regard to each other. Thus when lime 
td oxalic acid were brought into contact, the earth was found to be 
IDSitive, and the acid negative. Sulphur appears to be in the positive 

i. 135. Wilkinson, ii. 
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state. OxVgen, ju(lf;iri^ IVitm thosp t()(iP|iouii(i* iii " nicM ir i6 loa 
cumbined. Is negative ; ami liyilrui>en, by the same test, pmitiifl 

Now, if the common laws nf electricnl attraction and K|in 
operate, as there is every reaaon In believe they must, among M 
BO constituted, it will follnw Ihat liydrogcn, the alkalies, metajfl 
uvtilee, being positively electriiieii, will be repelled by MM 
which arc in the same state of electricity as themselves, and iM 
attracted by surfaces that are negatively electrified. And, cod 
wise, oxygen, and the acids (in consenuenceoftlie osygi-n the|]|| 
tain), being in a n^gntive slate, will be attracted by positives 
Ce9 and repelled by negative ones. M 

To apply this theury to the simplest possible case, the deoM 
Eition of tvater, the hygrogen of this compound, being itself MW 
ly olcctrified, is repelled by tlie positive wire and attracted, ra 
negative one ; while, on the contrary, oxygen, being negative,;! 

Suited by the negative wire, and attracted by the positive oneiJl 
ame of a candle, which consists chiefly of ignited charcoaliW 
ptaued between a positive and negative surface, bends towaiS 
JAtter; but the flame of phoaphorns, consisting chiefly of acid id 
wtKn similarly placed,',tates a direction towards the positive ^m 
lathe case of neutral salts, the negative acid is attracted by tfainj 
live wire ; and the positively electrified alkali by the negatives 
- Thus then a power has been discovered, superior in its ei)fl|| 
clieniical alTmity, and capable either of counteracting it, or qfl 
llifying it according to circumstances. The chemicarattracttiH 
twcen two bodies may Ik destroyed, by giving one of them and 
<tric State opposite to its natural one ; or the tendency to uni^M 
Ik iDcreated, by exalting the uatund electric energies. fl 

All bodies, indeed, that combine chemically, so far as the^l 
JvA^i'to been e^camiued, have been found to possess opposite J 
its electricity. Thus copper and zinc are in opposite states tofl 
atner ; so are gold and mercury ; sulphur and metals, acids an 
Juilies. By bringing two bodies into the same electrical state, H 
IVere before capable of union, we destroy their tendency to cogM 
lion. Thus iincuriron, when negativelyelectrified, will notuni^ 
tncygen. Even after combination, it is thought by Sir H. Dftig 
imprubable, that bodies may still retain tlieir peculiar states ofn 
tncity. It oxygen prevail, lu any compound, over the combustH 
bi»)tivc base, iIr' compound is negative, as in certain metallic (3 
nit the combustible ingredient may be in such proportion, as ^ 
■WRUiate, and to give to tlie compound a positive ener^. M 
Hj^ie Deutralization is attained, bodies t^iat had before ekol 
^Hnpal ejfecta are deprived of this pi-operly. M 

^^^MniutvrestiugquestioN, but one which can scarcely S 
^^^■Aiin the present Mate of the science, whether th^ VOliM 
^^^■t Attraction and repulsion be identical, as Sir H. Wm 
^^Kr^\"'''''' '■ ■'' affinity, or whether i( may not ratM 

^^^F' . i? a distinct force, which orily nimlilifd 

^^^P" On^ tlie former hypothesis, two 1)3 

^^^B*^' opposite electi'ical statest may liav^nj 
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(AleK sufBciently exalted, to give thein an attractive force aup 
b the cohciiive atHnily opposed to their union : aod a combltiatfnn 
■ill take place, which will be more or less energetic, as the opposed 
B*DeH are more or less equally t>alanced. Again, whea two bodies, 
fepellent of each other, act upon a third witli different degrees of 
^ same electrical rnei-gy, llie combination will be determitied by 
te degree. Ur, if bodies, having different dsEreea of the aamc eecl- 
p>ical energy with respect to a third, have likewise different cner- 
lea with respect to eacn other, there may be such a Jtalaiice of at* 
Jttcttng and repelling forces as to produce a triple compound. 
f Thia hypothesis, it is remarked by Sir H. Davy, agrees extremely 
<^ with the influence of uiass, which has been so well illustrated 
rBertholtet; for many particles, acting feebly, maybe equal in 
Yect to fewer acting more powerfully. Nor is it at all contradic- 
TY to the observed influence of caloric over chemical union ; foi 
increase of temperature, while it gives greater freedom of motion 
i^fte particles of bodies, exalts all their electrical energies. Thia 
IT H. Davy ascertained with i-esppct to an insulated plate of cop- 
per and another of sulphur, when heated below H^° Fahrenheit; 
ni at a still higher temperature these bodies, as is well known, com- 
laa with the extrication of heat and light, and the usual accompani- 
JantB of intense chemical action. 

F On the supposition that electricity is a force which only modifies 
iBftction of chemical allinily, we may regard it, when it promotes 
l^ination, as producing this effect by counteracting coliesive at- 
netiOD. When it impedes combinations, or destroys those which 
"} already formed, it probably acts as a force co-operating with 
Hticity. 



SECTION V. 

Tlieonj of the Jction of the Galvanic Pile. 

) theories have been framed to account for tlie phenomi;! 
Pthe Galvanic Pile, and of all similar arrangements. The Si~ 
tteinating with Volla, was suggested by the fact, which may be * 
Jqered, indeed, as fundamental to it — that electricity is e)ccited« 
{be mere cimlact of diOereiit metals. When a plate of copper bT 
BWther of zinc are made to touch by their flat surfaces, as was staf 
b the last section, the zinc, after separation, exhibits positive eW 
j^city, and the copper negative. It is natural, therefore, to conchn 
' * a certain quantity of electricity has moved from the coppcri) 
^..zinc. On trying other metals, Volta found that similar pheno- 
Viena take place ; and by a seines of experiments he was led to ar- 
niig^ the powers in the following onler, it being understood that the 
* ■ ■■ electricity to the second; the second to the third; 



Kfte tnird to the fourth, and so on. 



silver. 
Coi)per- 



Zinc. 

JfTbe metaU, then, have been di-nnminated by Voltn, f m i * 
topei'ty, moftn'S ol' electricity; ami the pvucess, which tal.i- , ■ ■ 
ftctro-tnotian, a terra since aaiictioiicd by the adoption o! ii t'l -■■. 

[.it is on this tranference of eleptridty from one bofty to anolliB 

eimplc contact, that Volta explains the action of the instrunie* 

BlBCOvered by himself, and of all similar arrangements. The iU'" 

ed fluids, on his hypothesis, have no effect as chemical i- 

lucing the phenomena, and act entirely as conductors r.; 

Mty. Without disputing, however, the accuracy or value «i 

ilhich auggesled his theory, it is sufficient for its refuta(i(in ■ 

Brecon cueable with other phenomena ; and especially witU ' 

ntiDn, that the chemical agency of the liquids, on the ii>" - 

priile metal of galvanic arrangements, is e&senlialto thcii 

iltivity. It hasbeen proved, indeed, thatthephenomcna bi_.., .- ^ 

Krminate with the osidation ; and tliat the enerey of the pile '"^^'^ji 

■ pretty accurate proportion to the rapidity of the process. ^^^''P^'^ 

tt aeems,on first view, an obvious inference, that the oxidation of t»*^ 

iietal is the primary caosc of the evolution of electricity in galvfl 

c arrangements. It has been proved, however, that it is not necC - _ 

Bry to the excitement of electricity, that tlie amalgam should IM*"! 

^xidated ; for the machine continues to act when inclosed in hydi"^^ I 

_ n gas or carbonic acid ; and the electric column of M. de. IjUC *^ 1 

Domposed of dry substances. Even in this instrument, the oxiJ*'*^ I 

lion of the metals appears to be essential to its activity, for wh«** L 

the column is hermetically confined in a given portion of air, tl>^* J 

'rfienomena cease in time, in consequence of the loss of its oxygpO 

But though the chemical a^^ency of the fluids which are emploj*' 

hg now admitted, on all hands, to be essential to the excitement * 

■ 'b kind of electiricty, yet is by no means universally ai:rccd tli»* 

^e are to consider it as the first in the order of phenomen ;- 

Keen suggested by Sir A. Davy, as a correction of the thuoi. 

"wtihe electro-motion occasioned by the contact of uni i 

rimary cause of the chemical changes; and that the ciu; 

& ao Other way efficient, than as they restore the electric ciji^U 

, To esplain this, let us suppose that in any three pairs (irjg 

fn galvanic trough, the r.inc plates » 1, x 2, s 3, (fig. 78j, ,i 

S'Stateftf positive, and the copper plates c 1, c 2, c 3, in I 

"gltjve electricity. The liquid, in any cell afrcr t|ie first, willS 

"infBtt, on the one ei<ie,nith positively electrified line, and uullJ! 

jr*"!!!!' negatively electrified copper. And if theeieinenls cog 

mj Ihe fluid be themselves in different states of elcctricityi^ 

•egilliYely electrified elements wilt be attracted by the zinc,anff 
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if'cly electriiteii element by the copper. Tlius when solndog 
^K-iate of goda id water is the fluid, the oiivgeo and the acid 
a.98 to tlie zinc ur positive piate, and the altali to the cop[ter 
ivhiletlie hydiogen, having no affinity for copper, escapes. The 
ac equilibrium will be restored, but only for a moment ; for, as 
tcrpoaed fluid is but a very imperfect conductor of electricity, 
tkc and copper plates will, by tlielr electromotive power, again 
te their states of opposite elccti'icity ; and these changes will 
[ as long as any muriate uf soda remains undecomposed. In a 
ftc arrangement, therefore, the electrical energies of the metals 
Irespect to each other, or to the substances disulved in water, 
le causes distui'bing the equilibrium ; and the chemical cliangea 
pe causes that restore it. 

» tlieory of the galvanic pile, however, can be considered as 
tiete, tliat doc^ not accouut for the accumulation of electricity 
^ zinc end of the apparatus. On the theory that the oxidation 
|e zinc is the source of the evolved electricity, the fact has beea 
kiously cx[)lained by Dr. Bostock. He takes it for granted that 
^ectric fluid has an affinity for hydrogen ; and supposes that 
Mectricity, evolved at the surface of the first zinc plate, ia. 
Jed. United to hydrogen, through the fluid of the cell to the op- 
e copperplate. Here the hydro^n and electricity separate; 
prmer flies off in the state oi gas, and the latter passes out- 
IS to the next zinc plate. Being in some degree accumulated 
IS plate, it is disengaged by the action of the fluid in a more con- 

Gted state than beTore. And in the same manner, by muitiply- 
: number of pairS, it may be made to exit, in the zinc end of 
tile, in any assignable degree of intensity. 

t^this theory, tlie electricity evolve ia actually generated by the 
ical action of the interposed fluids on every zinc plate uf the 
b ; and its accumulation is the aggregate of what is thus evolved. 
r concentration,' which takes place at the zinc end of the ar- 
ement admits, however, of being explained by the hypothesis 
•olta, especially as modified by Sir H. Davy. Taking tlie first 
»s an example, the fluid interposed between the positive zinc 
i X 1, fig. rs, and negative copper plate c 2, being itself a coa- 
br of electricity, must in time prtxluce an equilibrium between 
i two plates ; but this can only be done by tlie passage of 
Cn quantity of electricity across the fluid. The absalute qua 
pf electricity will, therefore, be diminished in the first pair, ai 
BB^d in the second. In like manner, the second zmc plate 
[give up part of its electricity to the tliird copper plate, and the 
Ed pair of plates will be deprived of part of its electricity- The 
picity, thus lost by the second pair, it will regain from the first 
tof plates. By multiplying, in this way, the number of plates, 
n successive pair, as we advance in tlie series, has a tendency t« 
Bah the quantity of electricity in the first ; and to have ita owa 
fc of electricity proportionally exalted- 

l^hen a communication is made between two extremities of*. 
ieSf for example between »* or its contiguous ceU,ui>\. 



!.inG 

■OUr ^^fl 

eea,^^l 

'^ 

and^^H 
lata n 




opliositc electricities tend to an equiHbnum. The tliird pair gtT^ 
up n sliui-K tif its plectricll/ to the tirst i and the iiiteniiediute pal 
beiii^ placed between equal forces, remains in equililjrio. He.nce, ^ 
every galvanic niTangempiit, there is a pair ol" iilates at the centra 
which IS in its nuturnl state of electricity. The effect of such 
Coin municBt ion mnst necessarily be to reduce tlie pile to a state ^ 
inactivity, if Uiere did not still exist some cause eanicieiil to deatt^ 
enuilibrium. On the hypotlicsis of Voitu, this can be notliii:^ 
: than the property of electro- niution in the metals, which or jgs 
sally pmdueed its disturbance. 

Sucli are the hypotheses that have been framed to esplain t! — 
shenomena of (he Voltaic pile. In the present htate of the scie[l^= 
beither of them is entitled to be received as alti)<;ether satisfactory 
ami I have staled them rather with the view of e!(cit!ng than of sab^ 
fying inquiry*. On the theory of galvanic electricity, it only i — 
liuiins to point out its dift'erence from the electricity developed IB 

ordinary processes ; and to explain the dlRereiit effects, which a 

|iro(luced by varying the size of the plates in galvanic arrangement 
- Thaugh the identity of common and galvanic electricity appea- 
ls be sufficiently established, yet in some of their phenomena, wM-^ 
e already been described, there is a considerable difference. '!■ 
splain these, it was long ago suggested by Mr. Nlcholsont, that t 1 
lectricity, excited by the commi>ii machine, is developed in inu 
imaller quantity, but in a higher state of concentration or inlensi 
Ihan the electricity of galvanism. Hence, its velocity is much mc 
vpid i and hence it readily passes through plates of air and oth,^-.— ^ 
Jon-conductors, that are scarcely permeable by galvanic electricr^t J^ 
virtue of the same properly it disperses the metals in llie faa 
moke; while the utmost effect of a Voltaic arrangenietLt i.^ mm ■ 
ttem into globules. By doubling the quantitj of galvanic elfUriiL ' 
'd«Di we ignite only a double length of metallic wire, and flie i^iiifi 
S more permanent; but the intensity of common electrJcily 1.- sii « 
that by doubling its quantity we ignite four times the length of wi. 
im] the effect is little tnoi-e than momentaryj, . 

The comparative quantities of electricity evolved by tlie coiitiT»*^ , 
machine and by a Voltaic apparatus, have been made a subject <?; 
alcalation by Mr. Nicholson. A pile consisting of 1(H) \ia]l' cntyr 1^^ 
fith the same number of pieces of zinc, produces, he found, ^^5 

:s more electricity than can be obtaineu, in an equal time, fr*>£^ 
34 inch plate machine in constant action. Van Marum Uas 
bservedthata single contact of a Leyden jar or battery with i 

' TTie reader, wlio wishes to pursue the subject, may censult an ea 
L-autllor, in Nicholson's Journal, xisv. 259 ; M. Ue Luc's pitpers, 
[f and xxxvi. 97; Mr. Singer on the Electrico) Column, ixxvi, "" 
watt on Galvanic Electricity; Dr. Bostncb'a Essay in I'homson' 
SUt Sir n. Davy's chapter on Electiicul Attraction and Repulsiuti, in 

flf Chini. Philoa, p, 13S . and the lit, vol. of Gay ' 

techcrohcs. 
Journal, 4to. iv. 344. i CuUibi 
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CHAPTER VlU. 



The alkulles, in their pure state, are the products of c 
opiMations, tvliich will be described in tbe sequel. Thef t 
lioguisbed bj the following 

General Qualities. 

The properties, common to all the alkalies, maybe &!iowiibj4 
of a Bolulion of pure potash. ^ 

(a) The alkalies change vegetable blue colours, as that of t 
fusion nf violets to green. 

'b) They have au acrid and peculiar taste. 

c) They serve as the iutermedia between oils and water. 

y) They corrode woollen cloth ; and, if the solution be suffiei 
rtrtin^, reduce it to the form of a jelly. 

' ^ They are readily soluble in water. 

Tlie fixed alkalies unite with water, and form aoUii hydi 



^\ 



Pure Potash and pure Soda. 

Art. I, — Their Prefaration and General ^alitieSi 

To jjrepare pure potash, dissolve any quantity of Atnertix 
Daiitzic pearlash in twice its weight of boiling water, and a^ 
solution, while hot, to an equal weight of fresh i^uickliiue, i 
wiiS six times its weight of not water. Boil the mixture in ■ 
kettle, and continue stirring during half an hoar. Then separatl 
lit^uid alkali, either by filtering throi^h calico or bv subsidence^ 
hm\ it to dryness in a silver ifish. Pour, on the ary mass, as 4 

■H-e alcohol as is requireil to dissolve it ; put the solution into ^ 
. e, and let the insoluble part settle to the bottom. Then decs 
Icoholic solution of potash; and distil olftlie alcohol in an alem 
fibure silver, furnished with a glass head. Pour the alkali, 
^^Mon, upon a silver dish, and, when cold, break it into pie 
reoerve it in a well-stopped bottle. If the distillation of the a 
i not carried so far the alkali will shoot, on cooling, into r 
*^tals,, containing 53 per cent of water. 

_ Trom the electi-o-chemical researches of Sir H. Davy, it aM 
t potash is not completely de; lived of carbonic acid, by ann 

* Tlic,fi£uieof KaKlembtcaUif ^e Kcninpl-i fi^:. ^- 



Bess hitlierto employed for its preparation *. Prohaltly the method 
Liggeste<l by Darcet, of removing the last pHrtinns of carbonic acid 
Oman alkaline Hquor by solution of barylea, after the full action of 
me, woiild be found eBectual. 

1q the same mode may pure soda be prepared, substituting the 
carbonate of soda for the pearlasli. 

These alkalies have the following properties: 
I (a) They powerfully attract moisture from the atmosphere, or 
eiiquiate. 

(b) They readily dissolve in water, and produce heat during their 
[tuition, if the fiised alkalies be employed ; but the crystallized al- 
alies generate <:old, when dissolved. 

^c] They are not volatilized by a moderate heat, and hence have 
een called fixed alkalies. 

(rf) When melted with sllex, in proper proportions and by a suffi- 
ient heat, tliey form glass. 

Hydrated Alkalies. 

It ia necessary to observe that the alkalies, even after beinc kept 
me time In fusion, contain a quantity of water in the state of com- 
oatioQ ; in other words, are lii/drates. This discovery appears to 
: due to Darcet, who has established his claim very satis fac tori lyt> 
orious jiroportions of water and alkali have been assigned to these 
smpounds. Berthotlet, in the 2d vol. of the JtfemoiTCs d'Arcueil, 
RteB that too parts of solid potash contain 13^ parts of water; but 
ir Hi Davy]: has raised it as high as from 1 T to 19 per cent. ; and 
ay Lussac and Thenard allow about one fifth of water in solid pot- 
ib. One possible source of fallacy is, that if the alkali contain soda, 
e proportion of water will appear too great; because tliat alkali 
mnines with more water than potash. If, as Mr. Dalton suspects, 
» hydrate of potash t)e a compound of I atom of potash + 1 atom 
' water, its atom should weigh 36.5 ; and it ought to be composed of 

84.9 potash ? C 84 

I5.I water $ i 16 _ 

100 100 

And it is remarkable, tliat according to the theoretical view of B 
^as, potash, to become a hydrate, requires a quantity of * 
ipUiJiing precisely as much oxygen as exists in the alkali ui 
j^. potassium; that is, 100 parts of the hydrate should coi 
i.lfi of wafer^. 

.tlTiereis also considerable difference in the statements respecti1| 
^drate of Suda. Beiard makes it contain 1S.S6 per cent, of T 



* PhilnsophicaJ Transiictions, 
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', Elements, p. 3-6. 
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»r positive eMd of a battery consisting of 100 pairs of plntes'l 
sis inches square. In this state Hie pntash was trmcheH with ■" 
tinum wii-e proceetling from the co|>per oi- negative end of tht 
tery; when instantly a most intense liijht was exhibited at the a. 
tive wire, and a column of flame arose fi-nm the point of conlact«i, 
dently owing to the devehipment of coinbuBtible niatttr. Ttg 
suits of the experimeal could not, however, be collected, butl 
consmned immediately on bein^ formed ■ 

The chief diflicuity in subjecting nuta^h to electrical action is,] 
in a perfectly dry state it is a. complete non-conductor ot ele( " "'' 
When rendered, however, in the least degree moist by breati 
it, it readily utidereioef fiision and decomposition, by the apnlit;! 
of strong electricaT powers. For this pnrpnse, a piece of jh 
neighing Irom 60 to TO grains, mav be placed on a suiall inmi 
plate of platinum, and may be connecti^d, in the way alread^J 
cribvd, with the opposite end of a powerful electrical battery, ■i'' 
taining Dot less than tOO pairs of six inch plates. On establisi 
the connexion, the potash will fuse at both places where it is lu 9 
tact with the platinum. A violent effervescence will be seen a 
Upper surface, arising, as Sir H. Davy has ascertained, front tl 
cape of oxygen gas. At the lower or negative surface, nogas-^ 
'^liberated; but small bubbles will appear, having a high nie4 
lustre, and being precisely similar in visible characters to q 
■er. Some of these globules burn with an explosion and 
lame ; while others are merely tarnished, and are protected t 
Tarflier change by a white film, which forms on their surface". ' 
This production of metallic globules is entirely independec.^ 
e action of the atmosphere; ^r Sir II. Davy finds that tliey^^ 
le produced in vacuo. 

Pure soda gives similar results; but its decomposition demiu_ 
;reater intensity of action. The quantity of soda should nut exj 
Sot 30 grains : and the distance between the platina stirfacesi 
e reduced from J to ; or ,'j of an inch. The metal fi-om soda 4 
lOt, like that from potash, continue Quid at the temperature off) 
tmusphcre; but speedily becomes solid, and bears a considet ' 
' ,nce to silver. When the electrical power is much increa 
of the metal fly with great velocity through the air.i 
'rid combustion, producing beautiful jets of fire. 
*~~!rve these new Siubstances, it is necessary to immifi 
iately in pure naphtha, a fluid which will be desci" 
,t part of the work. If they are exposed to the 
|r are rapidly converted back again into tlie state of pi 
Mire sO[(a. To prevent their oxidation' si ill more eSe4 
-'fepj'a lias proposed to produce them under naphtha ; 
KlTe<i ati ingenious apparatus forthis purpose, which ii 
{fp the Stst volume of tne Philosophical Magazine, page q„ 
a ftie globules, obt^ned either from potash or soda, are a 

rui'e repetition of ihU r-Kpenment, veiy usefu) pntcCical directiausH 
il In a paper by Mr, SinEer--Kichol8an''s Joutiul, xiiv. ir4, 4 



powi] to the actioQ or aii- Qver mercary in graduated glass tubes, aa 
abeurptiuti nf'oxy^ii happens; and a crust of alkali isrormetl un th« 
fiUrfaL'e, which tlereiids tJie iuterior from farther charge. When heat 
is ii|>[)lii'il to the globules ^irailarlj couGneil, a rapid combustion en* 
8Uea, atteniled with a brilliant while flume. The ddiules are fouud, 
^'lei' llie e):|>eriiiient, converted into a white substance; which is 
|K)tash when we have used those from potash, and soda when the 
ginltules from soda have been employed. In this process, oxygen is 
AltHorbed, and the weight of the alkali produced is found to exceed 
that of the ^lobule^ consumed. 

When either of thc-e substances is thrown into water, & rapid dis- 
fSllRagemcnt of hydrogen gas takes place; and the oxygen of thft 
water, uniting with the globules, regenerates alkali. 
. Nothing then can be more satisfactory than the evidence, furnish- 
ed by these experiments, of the nature of the fixed alkalies. By the 
iBOwerful agency of opposite electricities, each of them is resolved 
■into i>x;^gen and a peculiar base*. This base, like other combustible 
nxltes, is repelled by positively electrified surfaces, and attracted by 
Se);ative ones ; and hence its own natural stnte of electncitj must 
necessarily be positive. Again, by uniting with oxygen, tliese bases 
are once more changed intoalkali,eitiier slowly atordinaij teuiperar 
tures; or with heat and light, if their terapeiatures be raised. We 
have evidence, therefore, both of analysis and synthesis, that each 
of the fixed alkalies is a compound of oxygen with a peculiar inflam- i 
nable basis. 

But in what class of combustible bodies arc we to arrange the al- 
kaline bases f Some properties, common to both, have influenced Sir 
H. Davy to place them among the metals, with which they a^ree in 
Ofiacity, lustre, malleability, conducting powers as to heat aim elec- 
tricity, and in their qualities of chemical combination. The onlj 
liniperty, which can be urged against this arrangement, is their ex- 
treme levity, which even exceeds that of water. But when we com- 
|»re the differences which exist among the metals themselves, this 
will scarcely be considered as avalid objection. Tellurium, for ex- 
ample, whic"h no chemist hesitates to consider as a metal, is only 
about six times heavier than the base of soda, while it is four timeB 
lighter than platinum ; tlius farming a sort of link between the old. 
metals and the bases of the alkalies. 

In giving names to the alkaline bases, Sir H. Davy has adopted 
4hat termination, which, by common consent, has been applied to 
other newly discovered metals, and which, tliough originally Latin, 
is now naturalized in our language. The base of potaali he has cal- 
led POTASSIUM, and the base of soda sodium; and these names have 
net with universal acceptation among chemical philosophers. 

It is not, however, by electrical means only that the deconvpositioui 
of the fixed alkalies has been accomplished. Soon after Sir H. Da- 
vy's discoveries were known at Paris, Messrs. Gay, Luasac, and 

• The proportions of oxyg'en and btse in ese'i WJl! be Found at the wid#f 
the articles Potassium and Sodium. 



lubstance remains, ivhicli Sir H. Davy coasiders as absolutclv pure 
lUsh. Alinust all bDJics, tliat have an attraction fur oxygen, de- 
ilDpose tills orange oxidi^, and reduce it to the state ol' potaali, which 
n some cases, combines with the new compound. Charcoal, lor ex- 
Linple, with the excess of oxygen in the orauge substance, funos car- 
KMiic acid ; and this acid, uniting with the potash that is produced^ 
lOmposes carbonate of potash. 

, Vl. The action of potassium on water is attended with some 
leauliful phenomena. When it is thrown upon water exposed to (he 
atmosphere, or when it is brought into contact with a drop of water; 
t decomposes the water with great violence ; an instantaneous ex- 
'^ion is produced with a vehement flame; and a solution of pure 
i^h is the result. I'he hydi'<^en gtis, which is disengaged, ap- 
iars to dissolve a portion of potassium ; for, on escaping into the 
bit forms a white ring of smoke, gradually enlarging as it ascends, 
(e the phosphurcted hydrt^en gas. 

When water is made to act on the base of potash, atmospheric air 
ting excluded, there is much heat and noise, but no lununous ap- 
Mrance ; and the gus evolved is pui'e hydi'ogen. It Is of iuipor- 
WCe to remember that each grain of potassium, by acting on water, 
Btaches about 1.06 cubic inch of hydrogen gas. 
If a globule of the base of potaeih be placed on ice, it instantly 
ima with a bright flame, and a deep hole is made in the, ice filled 
ith a fluid whiai is found to be a solution of potash, 
ii'he production of alkali, by the action of water on potassium, is 
iijibt Batlsfactorlly shown, by dropping a globule of the metal upon 
le^tened paper, which has been tinged with turmeric. At the mo- 
lent when the globule comes into contact with the paper, it burns, 
l4 moves rapiuly as if in search of moisture, leaving behind it n 
K^ reddish brown trace, and acting upon the paper exactly like dry 
^tic potash, 

j^gd strong indeed is the affinity of potassium for oxygen, that it 
MKOvers and decomposes the small quantities of water contained, 
■tcohol and ether, even when carefully purified, and disengages, 

ED both these fluids, hydrogen gas. 
u naphtha colourless and recently distilled, potassium has very 
e power of action ; but in naphtha, which has been exposed to the 
f^. it soon oxidutes, and alkali is formed, which unites with the 
wbtha into a brown soap, that collects round the globules. 
Vll. When thrown into the llijuld mineral acid, the base of potasli 
i^raes, and burns on the surface ; or, if kept beneath the surface, 
t ^''^cts are such as may t>e explained bj its affinity for oxygen, 
d cnncentraled sulphuric acid, a white saline substance is formed, 
Uch is probably concentrated sulphuric acid surrounded by sulphur, 
i ^1! same time a gas escapes which has the smell of sulphurous 
pid mixed with hydrogen gas. In nitrous acid, nitrous gas is dis- 
jg^ed, and nitre of potash is formed. In oxymuriatic acid gas, it 
Bros vividly with bright scintillations, and muriate of potash ia 
efieraled. ^^^ 

VIU. Potassium readily combines niih the simple cnmbustibl^ 
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Itv^; POTASSIDM- 

ish is formcil, and the metals are separafei] unaltered. Wli«L 
reductiun of an ore has been accomplhhed by tlie use of fluxes" 
itaininLr potash, M- Vauquelin has gliowa that the revived metal 
itaios a greuier ur less piopiirtion of potash, which moUilies its 
ipurties. Bj exposure to the air, or by the action of water, this 
lurity may be removed'. 

.1. Potassium reduces all the metallic oxides when heated with 
im, even of those meUla which most powerfully attract oxygen, 
:K OS oxides uf iron. In consequence of this properly it decom- 
les and corrodes flint and green glass by a very gentle heat ; potasli 
^nerated with the oxygen taken from the metal, which dissolves 
!g)ass and exposes a new surface. At a red heat evea the purest 
as, formed merely of potash and ailcs. is acted upon. The alkali 
file glass seems to give up a part uf its oxygen to the polassium, 
i an oxide of potassium results, with a less proportion of oxyeun 
in is necessary to constitute potash. The silex, also, it is prwa- 
K k partly de-oxidized. 

VrfiTn this summary of the action of potassium, it appears that all 
^ftiDSt remarkable effects which it exhibits, are connected with iti 
rity fov oxygen, which is sufficiently energetic to enable it to 
« oiygen from all other bodies. Hence the application of potas- 
n to any substance is the best test uf its containing osygen, which, 
Sreeent, it cannot fail to detect. 

It was important to determine the proportions in which potassium 
A oxygen combine, when potash is regenerated. This Sir H. Da- 
'htVMtigated by two different processes. The one consisted in 
Etirtaiiiing liow much oxygen gas disappears by the action of a giv- 
qjwntity of potassium ; the other how much hydrogen is diseaea* 
Afrom water by a known weight of the same substance. Dividing 
t 'bulk of the hydi'ogen gas by 2, he learned t!io quantity of oxygen 
Keh had been taken from the water. 
'The coincidence of results, obtained by these different methods. 
'remarkable. By the action of potassium on oxygen gas, it ap- 
d, on an average, that 

Potash consists of S ?^-!, P"*"^^''""' 
I 13.9 oxygen. 



ly the agency of water, the proportions differed only by a small 
;tion, su that we may state In round numbers tliat tlie base is,' 
iC oxygen as six to one, or that 



Pofd. i. compD,ed of \ \l Sy".™"' 



mil J 

M 



Subsequent experiments, however, have made some change neces- 
ty in tnese numbers. Gay Lussac and Thenanl found, that IDii 
irts by weight of potassium take 19.945 of oxygen from water ; anH 

i.deChtni.c»phy».Tii.32. 



Sir R- Davj, Uj the action of 8 ^sins of poUssJum on wal 
taioeds on an average, .9j cubic inches of hydrogen gas, alii, 
Uiat 4j cubic iuchea, (= 1.61 grains) of oxjgcn had cwnbioed 
the iDctal. Berzelius investig;ated the compusition or potash,! 
posing an amalgam of potassiuni and mercur}', cootainiDg I" 
propurtioDS of those roetaU, to water ; saturating the poiaai 
tnurialic acid ; uud lietermining its weigitt b^ the muriate j 
iitnned*. The following table shows the proportions of pota 
and uxTgea in 100 grams of potash, as deduced from these d" 
aathoritius. One hundred grains of potash contain, 

rolassliun. i 

According to Sir H. Davy 83.ii 

buj Lussac 15.3" 

Berselius 83.97 ', l/Ja* 

If deducted th>m the atomic theory, the true proportions shoaM 
be 85 of potasdum to 15 oxygen, numbers very near those originaltjr 
obtained by Sir H. Davy, it is probable, indeed, that sources of IB- 
accuracy maT exist in the expecimeots, sufficient to account for tins 
small deviation from theory; and that potash is a compound of I 
atom of potassium weighing 42,3 with I atom of oxygeo veighii^ 
7.5. Hence the weight of the atom of potash will be 50; and W 
atom of water (8.5) being added, the atom of hydrate of potash will 
weigh 38.5. 

it is doubtful whether tlie grey compound (mentioned in § ? }. b« ^ 
true sab^xide of potassium, or merely a mixture of potash with p** 
taasium. If the former, it must consist of two atoms of polassim:*<^ 
(85) with one atom of oxyged (7.5r=iSi3. But tlie latter view oF *"" 
aatore is the most probable one. 

The composition of the orange oxide cannot he assigned, from C^ 
quantity of oxygen, absorbed in the experiments, by which it is p^ 
dnced i for in eight results, obtained by Uay Lussac and ThenaMff 
there >s not a sufficient agreement to decidr this point. It seei^ 
probable that the oxygen, which conrerts potassium into this sig'- 
atanGe. is twice that « hich converts it into potasli ; and that the C* 
ange oside consists of | atom of potassium = 42.5, -J- 2 atoms 
nxygen = 15, which would make the weight of the atom of ^ 
'Uge oxide 37t5, 

PotassuTeted Ht/drogen Gas. 

Tliis name I would propose for the solution of potassium in hrdi*^ 
•JM gas, which, it has already been stated, results from the action^" 
'JWtassiun on water, and, and as appears from Sir H. Daw's expeii^ 
'•Wealfi, may be formed, directly, by beating the metal in tiydrog '"'*" 

IS. A large portion of potassium is thus dissolved ; but lbe'gre« 

irt ^cipitates on cooling. 

This gas is spoataneously inflammable in the atmosphere; buil^* 

■ so Am. de CUfli. S4S. 



Jh a vec; brilliant light, which is purple at the edges ; and throws 
'dense vapoucii of potash. It loses its in Hunin ability by keeping ; is 
ivier than hydrogen gas; aiid is very d'datable by electiicity. Be- 
ei the gas, which is spontaneously combustible, there is al^ii, ac- 
iding to Semeotini, another compound of potassium and liydnieen, 
ich IB not possessed of this property, and probably contains aless 

>rtion of the combustible metal. 
. .by Lussac and Thenard* have succeeded, also, in forming a so* 
fj corapouudof potassium and hydrogen. The process consists in 
ating thc^ metal in hydrogen gas; and the onlv difficulty is to i 
llate the beat, for a temperature decomposes the compound. Tl 
ibie of a spirit lamp, applied to potassium, in a retort filled wtj 
[drogen gas, occasions an absorption of the gas,. and the formatit 
^ solid hydruret of potaxsium. 

The colour of the substance is grey ; it is destitute of metallic ll 
yi ,and is infusible. It is not inflammable, eitl)er in air or in on 
n gas at common temperatures, but burns vividly at a high oi 
hen strongly heated in a close vessel, it is totally decomposei 
^. the hydrogen it contains is liberated in the state of gas; and" 
ntassinni remains. When brought into contact with heated mer 
hydrogen gas is evolved, and an amalgam of potassium and mi 
ry IS produced. 
Nitrogen gaa has not, at any temperature, any action on 



Art. 4. — Sodium. 

The base of soda agrees, in many of its properties, with 
)tash, and exerts on several bodies a similar action, with the obviot 
[ception that the results are compounds of soda instead of potaa 
''~" with nitric acid it affords nitrate of soda; with oxy-murial 
id, muriate of soda. In this place, therefore, I shall doscriile vi 
such of its properties as are peculiar to and characteristic of it.^ 

I. Sodium, at common temperatures, exists in a solid form. ItJ 
;h1te, opaque ; and, when examined under a thin film of naphtt| 

i the lustre and general appearance of silver. It is exceeding ' 
illeable, and much softer than any of the common metallic si 
.nces. When pressed upon by a platinum blade. with a sm 
ce, it spreads into thin leaves ; and a globule of f^tli or irtb 
inch in diameter is easily spread over die surface of a quarter! 
inch. This properly is not diminished by cooling it to 3S° FlH 
f nheit. Several globules, also, may, hf strong pressure, be 09 
«d into one; aothat theproperty of (pei/in^, wliicf, belongs to pl^ 
Uium and iron at a high degree of heat omy, is possessed by this 
ubstance at common temperatures. 

II. It is lighter than water. As near as can be determined, its_ 
Ipecific gravity is as 0.9348 to 1. 

* Becheidics, L ir6. 



^1. It is tiiudi less rusibte than the base orpu'asb. At igOf^ 
rcnhcK, it begins to luseMts cnlK'siiin, und it is a pcrfcci AmB 
about 180'. Hence it readily fuscE iinderlieatei! nuphtha. jM 

IV. Its point of vapomatimi has ixit been a^ccrtainc'l; ^'fd 
mains fixed, in a state of ignition, at tlie point of fusion uf ■ 
glass. ^ 

V. Wbcn SODIUM is exposed to tlic almosnlierc, it irnmediH 
laniighcs, and b;^ degrees becomes ciHeied with a white crust 3| 
da, wliicb delicfuiates more slowly thnn that formed oa potassi\iM 

VI. It combines with oxygen, slowly and without luminoi^ 
pearance, at all common temperatures. When heated, the comM 
tion becomes more lapid ; but no light is emitted till it bdM 
nearly red hot The flame, which it uien produces, is white, an 
senils forth briglit sparks, exhibiting a very beautiful efTect InH 
mon air, it burns with a similar colour to charcoal, but of macbn 
ler splendour. ^ 

Vtl. When thrown into water, it produces a violent ef&rvesiS 
and a toiid hissing noise; it combines with the oxygen of the m 
to form soda ; anuhydrogen gas is evolved, which docs not, hown 
ns in the case of potassium, hold any of the alkaline base iii solififi 
Neither can sodium be made to dissolve in hydrogen gas, by M 
heated in contact with it. ti 

When thrown into hot water, the decomposition is moK VIM 
and in this case a few scintillations are generally observed aQ 
surface of the fluid ; but this is owing to small particles of tiiefl 
whicti are ejected from the water, sulliciently lieated to burn isfl 
sing through tlie atmosphere. jl 

VIU. Its action OD alcohol, ether, volatile oils, and acids, iflM 
larto that of potassium; but with nitric acid a vivid iuflaminatij| 
produced. M 

IX. Sodium appears to be susceptible of different degrees oTd 
dation. 1st. When it is fused with dry soda, a pai-tition of mM 
fakes place between the alkali and the metal. A deep browifW 
is produced, which becomes a dark grey solid on cooling. ThiMJ 
stance is capable of attracting oxygen from tlie atmospherci ajj| 
decomposing water, by which it is again converted into soda, 9 
same oxide of sodium is formed, by fusing this metal in tuba 
(ilate glass. 1 

It is of a greyish colour, destitute of lustre, brittle, and givett 
drogen when acted on by water, but less than an equal wei^t H 
liinm. It may, however, be doubted, whether tliis is a compouH 
fiodium and oxygen, or merely a mixture of the metat with soAia 

Sd. The second oxide of sodium (or first, if tlie one which hasV 
^nt described be only a mechanical mixture) is soda. It may hjB 
^ied by burning sodium, in a quantity of air containing just on 
^ou^i to convert the metal into alkali. It is of a grey coloUH 
SiVitreous fiacture; and requires a strong red heat for its fitti 
Water is absorbed by it witli violence, and converts it into feyiM 
'»r«orf(i. 1 

3d. The orange oxide of sodium may be formed, by burning 
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metal with an excess of oxygen. It ia of a deep orange colour, \e- 
Tj fusible, and b non-conduclor of electricitj'. When acted on by 
water, its excess of oxygen escapes, and it becomes soda. It defia- 
grates with most combustible bodies. 

X. There is scarcely any diHerence between the visible pheno- 
nena attending the action of the base of soda, and that of potash on 
lulphur, phosphorus and the metals. The sulphuret of sodium lias 
I deep grey colour ; the phosphuret resembles lead. Added tomer- 
;ury in the proportion of /atd, it renders that metal a fixed solid of 
he colour ui silver, and the combination is attended with a consid- 
ir^le degree of heat. This amalgam seems, like that of potassium, 
form triple compounds with other metals, and even with iron and 
llatinum, which remain united with the mercury, when it is deprived 
if the new metal by the action of air. 

The proportions, in whicfi this base unites with oxygen to form 80* 
la, were investigated by the methods already described in the article 
'otassium. The results of Sir H. Davy; of Gay Lussac and The- 
bard ; and of Berzelius, are given in the following table : 

Sodium. Osjgeo. 
Per Davy (ISnr) 100 soda contain 77.7 

— Ditto (1811) 74.6 

— Gay Lussac 74.63 

— Berzelius* 74.29 

The proportions that would best accord with the atomic theory, 
» 77.5 of sodium to S3.5 of oxygen; for this last number a^eea 
ritb the weight of three atoms of oxygen- And on the supposition 
hat Boda is a compound of 1 atom of sodium x I atom ot oxygen, 
y dividing 77.5 by 3 we should obtain the weight of the atom ot so- 
fium, viz. 3^.8. In this case, the atom of soda would wei«;h SS.3, 
ad the atom of hydrate of soda 4 1 .6. The number assumed by Dr. 
Vollaston to represent sodium, (oxygen being 10) is 39.1 ; and soda 
«ll, therefore, be denoted, on his scale, by S9.1 x 10 = 39.1. The 
eroxide Dr. Thomson is disposed to consider as a compound sf two 
Uims of sodium with three atoms of oxygent- 



I- SECTION II. 

Litkia or Litkina. 

The discovery of this new substance, which dates only from tl 
commencement of the present year, is due to the skill and sa, ~*' 
*■ M. Arfvredson, a pupil of Berzelius. In the analysis of a miiie^ 
J called Petalite, (hrst distinguished as a new species by M. D'An- 

ida. who found it in the mine of Uto, in Sweden), about 3 percent. 

an alkali was obtained, which M. Arfiredson at first supposed to 

• '80 Ann. de Chim. :.'' f \hn. 

Vol. I— B b 



It would he premature, in the present imperfect state of our 
knowledge of this new metal and alkali, to determine theii- equivn- 
^ntB, or m other words, the weights of their atoms. 
' Instead, also, of describing the compounds of lithina, like those of 
llie other alkalies, in future parts of the work, I shall state, in tliis 
fclace, the little thnt is known respecting them. 
r With S!t(pft«r,lithinaaRnnl8a jeltow,and very soluble compound, 
KWhich is decomposed by acids, with the same phenomena as The al- 
Hkatine aulphurets, and, from the abundance of the precipitarc, up- 
'pears to contain a large proportion of sulphur. 

Sulphate of lithina crystallizes in small prisms of a shining 
■trhite colour. It is more fusible and soluble than sulphate of poi- 
ind has a saline, not a bitter taste. It is constituted of 

Sulphuric acid 69.20 

Litliina 31.80 



.The muriate and the ntfrate of tt^ina are both deliquescent salts 
Tte carbonate is efflorescent in the air, and is sparingly soluble, re- 
Jhiring aliuut 100 times its weight of cold water. The eolutiou ef- 
Jfcrvesces with acids ; changes vegetable blue colours to green i de- 
Eamposes solutions of alumine and magnesia, and of tlie metals; 
^iengages ammoniac from its combinations ; and does not precipi- 
tate tne muriate of platinum. The dry carbonate, when fused on 
itlnum, acts as powerfully on that metal as the alkaline nitrates. 
aiartratp. of lithina is an efflorescent salt ; and the acelatf, when 
orated, assumes the consistence of gum or syrup*. 



SECTION in. 

FuTc Ammonia, 
Akt. \.— Preparation and fluatilies of Ammonia. 
', Ammonia, in its purest form, exists in the state of a gas. 
o procure it, one of the following processes maybe employi 
",vi together equal parts of muriate of ammonia and i! 
le, each separately powdered ; and introduce them int(^ 
K bottle or retort. Apply the heat of a lamp ; and receifl 
that is liberated, over mtrcury. 

[O a saturated solution of ammonia in wafer or the pure _ 
imooia, in a gas buttle, apply the heat of a lamp ; and coIlA 

^ s has the following properties : 
nhbs a strong and very pungent smell. 
11 immediately extinguishes flame; and is fatal to animals. 
)Owever, a candle is extinguished, by immersion in this ;;;as. 



e flame is enlarged, 'by the addifion of another, of a pile m 
culuur, which descends (ixiia the mouth to the bottom of (he^T 
the flame of the candle be only in part immersed in the g 
yiCllowt^h flame rises a few lines above the other. 

(c) It is lighter than atmospheric air. Hence a jar GtleAl 
this gas. and placed with ita mouth upwards, is soon fosnd t' 
change its contents for comnioa air, wnich, bein§; heavier, del 
and displaces the ammoniacal gas. By the recent experimi. 
McBsra. Allen and Pepys*, undertaken at the desire of Sir H.'j 
100 cubic inches of ammonia weigh 18.18 grains, barometa. 
thermometer GU". According to Guy Lussac, its specific gra^ 
iolliatof ctimmonmr as 0.5967 to 10; and hence (taking lOOtj 
inches of air at 30.5 grains) 100 cubic inches of ammonia tveigh m 
grains. Mr. Dalton assumes, tliat at a mean temperature and j^ 
sure, 100 cubic inches weigh 18.6 grains; and hence that it! 
eifii; gravity is 6, air beint; 10. Udoes oot appear that in j 
these trials, the itas was artificially dried. To effect its desict 

tiotash or (|uickiime are best adapied ; for dry muriate of clot 
line, as well as several other chlorides, absorb it rapidlyt. 

(d) Ammoniacal sias is nut sufficiently inflammable to bum wbl 
contact with common air. But, when expelled from the eiitr 

' of a pipe, having a small aperture surrounded by oxygen gus,i 
be kindled, and it tlien burns with a pale yellow flame, the pro 
of its cumbufitian being water and nitrogen gas. 

(e) Ammuniacal gas may be decompoNed by transtnitd) 
through a red hot porcelain tube, which should be either well gj 
internally, or covered externally with a lute. It has been ascn 
ed by Thenardti that when any of the five following metals a 
closed in the tube, they promote the decompo.sition of ammoi 
tiie order set down, viz. iron, copper, silver, gold, and platid 
iron being most effectual, and platinum least Iron, after th^ 
cess, is found to be rendei'ed brittle, and copper still more s<_. 

s obtained always consists of S parts hydrogen by measure, l 

I nitrogen. None of the metals is either increased or diminishi. 

Vieight; and they can only, therefore, act as conductors of Jj 

[ Yet it is singular that iron decomposes a much larger quantitrs 

platinum, and at a lower temperature. 

. {/) It has been asserted by Guyton, that ammoniacal asB L 
^ced to a liquid state at TO" below of Fahrenheit ; but it min 
AJoned whether the drops of liquid, which he observed, tf 
*' 'i^ more than the walery vapour, which the gas alwaya.l 

Hidensed by the cold, and saturated widi ammonia. 

^^monia is rapidly absorbed by water. A drop or fr™— 

^^ne admittecf to a jar of this gas, confined over mer^fl 

B^ilibe immediately absorbed, and the mercurv will ris^ 

bH Uie whole of the jar, provided the gas be sufficiently pi 

||iruduceB the same effect, in a still more remarkable maai 
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Prom Sir H. Davy's experiments, it appears that 100 grains of water 
irilSorb 34 grains of aiiiinoniacal gas, or 1 90 cubic inches. Therefoi-e 
[li:ubic iucli of water takes up 475 cubic inches of the gas. More 
recently he has stated that at 50° Fahrenheit, water ausorbs 670 
thnes its bulk, and acquires the specific gravity .875*. 

Alcohol, aUo, absoi'bs several times its bulk, and aR'urds a solution 
of ammonia in alcohol, which possesses the strong smell, and other 
jTOperties, of the gas. 

, ^k) Water, by saturation with this gas, acquires its peculiar smell ; 
lod constitutes what has been called liquid ammonia; or, more 
vuperly, solution of pure ammonia in water. The methoti of ef- 
eoUog this impregnation will be described hereafter ; the processes 
HI t>e given for obtaining the solution of ammonia in considerable 
:iuiitity, which cannot conveniently lie accomplished by the method 
ascribed in esperiment e. This Bolution again yields Us gas on 
pplving heat. (.See [. b.) 

.The strength of a solution of ammonia is influenced by two cir- 
(Unstunces, the temjKrature of the. liquid, and the pressure on its 
arface, for ammonia is not retained in water witli out external force, 
"he . intervals of temperature, required to double the force of am- 
ioniacal vapour, were ascertained by Mr. Dalton to increase in as- 
efl;ting. When mised with common air, its elasticity is not alter- 
d-I thus when ammoniacal gas nt 1.5 inches force is mixed with a 
iven volume of air, the air is doubled in bulk. 

Solutions of ammonia, when mixed with water, were found by Sir 
it Davy, not to be sensibly condensed ; and, therefore, if the quao- 
ty of ammonia in a solution of given speci&c gravity be determin- 
d,it is ea!4y to calculate the quantity in solutions of other densities, 
"hetwo following Tables, it may be observed, do not exactly agree 
t their results, the quantity of ammonia, in solutions of the same 
ensity, being from 15 to 20 per cent, less in Mr. Dalton's Table 
mi m Sir H. Davy's. The numbers in the latter, marked with au 
^risk, were found by experiment, and from these the others were . 
educed. 

ir if. Wni'v's Table of the Quantities of Ammoniacal Gas in Sola- 
(ioHS of iii£'erent Densities (Temp. 50° Fahrenheit's Barometer, 

29.8). 









100 pans of 






■^ap.:cific 




Of Ammonia. 


specific 




Of Anunomn. 


^M. Gravitv. 






Gravity. 






■ .8-^0* 




32.5 


.9435 




14.53 ^ 


Ua&75 




29.25 


.9476 




13.46 1 


B.9000 


jj 


S6. 


.9513 




12.40 % 


■-.9054* 


S 


25.37 


.9545 


■^ 


n.56 * 


■ .9166 




22.07 


.9573 




10.82 


■ .9355 


u 


19.54 


.9597 




10.17 


■ .9326 




17.52 


.9619 




9.C0 


iP .9385 




15.88 


.9692" 




9.30 



• BlemenU cl' Chem. FtuL p. 363. 



p 


m 


tUi OF AMMONIA. (IMAP-^t^^^l 


rr. BiUton' 


Table of the Qmnlilies nf .Umiaoma in Sohiliana^j^^ 




dift 


rent specijie 


Gravities. ^^^H 




^^^H 


' Specific 

" Gi«vityi 


Grains of Am- 
monia in 100 


Grains or Am- Boiling point N'otiimcs oF g<^^H 


monUlnlOU nfihc lUtuld condenied ini^^H 




grains of 


indegrtcaur ^vcn volun^^^H 


1 


■" liquid' " 


liiuid. 


FulircnLeit 


of liquid. ^^ 


, 850 


30 


S5.3 


26= 


494 ^^1 


, 860 


S8 


S2.6 


38° 


4S6 ^^M 


„ 870 


26 


29.9 


30° 


419 ^^M 


681) 


34 


27.3 


62- 


S82 ^H 


890 


23 


24.r 


74° 


^M 


900 


20 


2e.3 


86" 


^H 


910 


18 


19.8 


98° 


^M 


' 920 


16 


17.4 


110° 


344 ^H 


930 


14 


15.1 


129° 


211 ^H 


940 




12.3 


134* 


180 ^H 


950 


10 


10.5 


146° 


147 ^H 


960 


8 


8.S 


158° 


116 ^H 


970 


6 


6.2 


173° 


87 ^M 


J 980 


4 


4.1 


187° 


57 ^M 


990 


2 


3. 


196° 


28 ^m 


* Art. Zi— Electrical Malysis of ^mmama. ^^H 


' (I) Amm 


oniacal gas is 
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we have 4.68 for the nitrogen gas contsl^^l 
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ization. Therefore 10 measures of udbI^^H 
aod expanded intfl ^^^| 




According to the above proportions, 1 00 cubic inches of ammonia, 
which weigh about 13 grains, if they could be decomposed by elec- 
tricity, would give about 1S3 iiubic inclies of Iijdroseti, wei!!;hing 5.5 
grains, and 4(> of nitrogen weighing 14.4 graius, m nil 17.9 grains, 
ur one tenth of a grain less than the ammonia decomposed. A^. Oal- 
ton obtained 185 measures of gas by decomposing 100 measures of 
am'iionia ; and, by comparing the products with the original gas, he 
f nds that the weight of the former rather eitceeds that of the latter 
thus, 



1 00 measures of ammonia x sp. gr. ,6 = 60 



produce 



! 51.8 nitrogen, which X sp. gr. .967 = 
(133.2 hydrogen, which X sp.gr. "" 



60.r4! 
1 60 he considers as too sinal 
1 unavoidable 



60.7-4^^H 
too smalF^^^^I 

■'-'"^ 

:he protnB^^H 



The excess of ^ths of a grai 
aflect the conclusion, and as a 
in some of the data. 

ft is contended by Gay Lussac and Thenard, and the pi 
accuracy of their result I3 admitted by Sir H. Davy* and by 
Wollaston, that 200 measures of ammonia are resolvable, by ana- 
Lysis, into 300 of hydrogen and 100 of nitrt^en. This proportion 
jts consistent with the theory of combination in de^nite volumes. 
s, however, considerable diiliculty in ascertaining the precise 
imount of the gases evolved from ammonia; for if either the gas 
itself, or the mercury which ctmfines it, contain auj moisture, the 
product of gas, resulting from its decomposition, will exceed what 
[t ouglit to be. The problem is one of great importance to the atomic 
theory, because from the proportion of the elements of ammonia, is 
deduced the weight of the atom of nitrogen. This will dilTer con- 
Hilerably, according to the statement, which we may adopt, of the 
lunount of gases obtained by decomposing ammonia ; their proportion 
to each other ; and the exact specihc gravities of hydrogen and ni- 
n gases. From the data supplied by Mr. Dalton, it apjiears 
mable to believe, tliat the weight of nitrogen in ammonia is to 
that of hydrogen nearly as 5 to 1, and the atom of nitrogen will, 
therefore, be represented by 5, and that of ammonia by 5 4- 1 = 6. On 
the scale of Dr. Wollaston, nitrogen is represented by ir.54! which, 
with 3 proportions of hydrogen (1.33 x 3 = 3.96), gives S1.3 for the 
rfMiiiivalent of ammonia. 

(8) In the Philosophical Transactions for 1809, 1 have dcscribeil 
i.t»i"Operty of ammonia, which forma the basis of a very easy and 
[ttick mode of analyzing that alkali. When mingled with oxygen 

• ElemeuHofChem. Piiil. p. 263. 



fiOO ANAiy^IS OT AHVOKIA. 

gas it m&y be indamed bj the electric spark, precisely like a it 
of hydrogen anil oxygen gases. To obtain accurate results, hi 
it is necessary to use less oxygen at first, than ts sufficient to si 
the whole hy«lrogen of the alkali. This 19 easily calculated, 
example, we take 1 measures of ammonia, we must use leas tt 
than will saturate 13 or 14 measuree of hydrogen gas, the g " 
which exists in 10 of ammonia ; and which require about 7 of 
gas. It will be adviseable, therefore, not to add above 4 or 5 o 
gen. The whole (suppose \5') will probably, after firing, be rr 
to about 9, To the remaining gaa admit 4 or 5 measures n 
oxygen ; and on passing the electric spark again, a second es| 
will happen, with a diuiinatiun of about 6 measures. Bat,'^ 
Srst explosion, the whole of the osya;en disappears, and t^ 
therefoi-e have saturated a quantity ot hydrogen equal to I(r 
sures ; besides which, two thirds of the second diminution (S-~ 
= 4 measures are owing to the condensation of hydrogen. ' 
the whole hydrogen is 10 + 4 = !4. The nitrogen, the fl _. 
which exists in the product of the first detonation, is ascertaia) 
deducting from it [vix. from 9 in the present instance) the m 
quantity of hydrogen (4) which gives 5 for the nitrogen. ' 
numbers may not, perhaps, be exactly obtained by experimen. 
tliey are given merely as a general illustration of the process, ■ 
By experiments of this kind, I have determined that 100 meai 
vT Ammonia require, for saturating tlie hydrogen which theycn 
iKtWeen 67 and 68 of pure oxygen gas, and aSurd 

Of hydrogen gas about 136 measures, 
nitrogen gas 47 measures. 

183 

j results of this analysis furnish a good example of the oof 

Koftheelementsof gases which takes place on chemical uli 

Ewe could, by any means, permanently condense a mixt^ 

^asures of hydrogen with 47 of nitrogen into 100 meob^ 

Jsr gas would constitute ammonia. Simple admixture of 4 

l^owever, even in the same proportions which are obtaiti) 

hig ammonia, is not sufficient to generate this alkali. ' 

;. with which the hydrogen and nitrogen are respectively^ 

MD£i), opposes, by its elasticity, an obstacle to their union, and |ii 

-■n beyond the sphere of their mutual attractions. If thea(^ 

'^»re presented to each other when one or both are deprivq 

Ttbeir caloric, combination then takes place ; and the C(JB 

nf the volatile alkali is proved synthetically, as in the fUB 

EBiiment. 

ui iron filings, moistened with water, are exposed to n , 

:aiifinfd liver mercury, the gas, after some time has elapsedl 
[•* tlio smell of volatile alkali. In this case, the iron decompi 
■ ■ 'I'k "^ ^ "^ seizes its oxygen j while the hydrogen, at the mo 
Its liberation, unites with nitrtgen and composes ammonia. ' 
»|0 ol Conddiisalion, or absence of the quantity of caloric necek. 
htiag It into & gaseous fonn, has been calUd the nascent stau 



If drugen ; aad the same term haa been applied to the bases of uthei 
:ii 111 a similar ^tatc. 



. 3.— On the- Presence of Oxygen in Ammonia; and C 
Jlmatgam of Mi'Tcury and Ammonia. 



the hydrogen and nitrogt 
; obtaiijeil by tletomposinj 
iLbjr Sir H. Davy that this alUli 
ol'uKjgen, nut exceeding seven 
&ru;iiinents, which he has brought 



which, it has already been 
uiiLrionta, it has been coiijec- 
antainit, also, a small propor- 

ei^ht parts ill the hundred. 
iavour uf this opinioti, are 



rea chielly from the rullowinglacts: 

i Wlieu he decuraposed ammonia by electricity, the gases pro- 
dfell short, by nearly one eleventh, of the weight oftlie amma< 
'oiplnyed; in other words, 100 grains of ammonia gave 01117 
9 1 gi-uius of permanent gases. To obtain this result, however. 
I precautious are necessary, which are fully stated in the Fhi< 
hical Transactions for 1809, p. 460. 

repeatedly ti'iinsmitting animoniacal gas (previously de- 
id, by passing it through a tube surrounded by a freezing mixture. 
B much water as possible (over red-hot iron wire, the metal be- 
) superficially oxidized, and gained a very slight increase of 
__ht. It is proper, however, to state, that a similar experiment 
s made by M. BerlhoUet, junior, with different, or at least with 
nuivocal, results. Besides, A very minute addition of oxygen 
Ughtbe furnished to the iron by the 'decomposition of a small por- 
i of water, which amnioniacal gas, in common with all other 
I, contains ; and whieh would scarcely be separated from it by 
5 temperature of a freezing mixture. No sufficient proof, indeed, 
211 established by the subsequent experiments of Sir H. Davy; 
own, directed to the same object ; or by those of any other 
, tliat oxygen exists as an element of ammonia, or that any 
ts can be obtained by its decomposition, beside hydrogen and 
,.^!n gases, 

t must be acknowledged, however, that the indirect evidence, ia 

iur of the presence 01 osygen as an element of ammonia, which 

I Tarnished by other experiments of ^ir H. Davy, is much stronger 

1 that derived from the results of its analysis. These experi- 

its even go so far as to suggest that ammonia may, like the fixed 

l^ilies, be an oxide of a peculiar metal, or at least of some com- 

id containing the elements of a metal. And, as hydrogen and 

[i£en alone are obtained b^ the electrical analysis of ammonia, 

n follow that the metal in question is either a compound of 

,e.lwo bases, or a component part of one of them. If this should 

established. ,we shall obtain proof of a fact of the greatest novelty 

,_i curiosity, vix. the existence of a metal or a metallic oxide, 

yboae natural state is that of an aeriform fluid. 

-i^ understand the general outline in these experiment?, it maj^ 

Vol. I.-C c " 



1 Lussac an TlienarJ* have also made a great number of ex- 
p.iits oil tills amnl^m, from which the^ infer that it is a com- 
I ol' mercur'y, hyili-of^n, and ammonia ; and that mercury, to 
ic the amal^ini, alisorbs ^A7 times JIs bulk of hydrogen gHS, 
H- 8.67 times ita bulk of ammnnlacal gag. The increased le* 
f the mercury, they are of opiutoii, may be explained by the 
etis of the elements with which it combines, and by their being 
Ujed by so feeble an affinity, as to produce very little condensa- 
_• This view of the subject has been opposed bv Berzelius oa 
\\ graurids, for a statement of which the reader nray consult 
dI. of Jlnnales dn Chimir, p. 79> In the present state of 
, new facts seem to be wanting to determine the nature 
___ ^lar compound. 
r«j(periraent of Dobereincr would, if confirmed, prove that 
1 has of itself the property of forming an amalgam with 
_^ . He introduced a globule of mercury into a vessel of waterj 
laced it-near the negative wire of a galvanic battery. Oxygen 
*■" ~iven out frsm the positive wire, liut no gas whatever arose 

Ktive wire. liy this wire, the mercury was attracted 
_ converted into an amalgamt- The experiment, how- 
a carefully repealed in this country, has not been attended 
Ibe same resultj:. 

tT, 4. — Helton of Potassium on Ammonia. 

% potassium is melted in ammoiiiacal gas, it is changed into 

^reen fusible substance; the ammonia almost entirely dis- 

; and is replaced by a volume of hydrogen, precisely equal 

at, which the same quantity of potassium would have disen- 

il from water. To effect this combination, in the way recom- 

d by Gay Lussac and Thenard, a bent glass tube is employed, 

;i which, when tilled with perfectly dry mercury, a known quan- 

f ammoniacal gas is aumitted, and a determinate weight of 

n is then passed through the mercury, by means of a bent 

:. Care must be taken to shake off from the potassium, and 

f that part of the tube which contains the gas, alt the adhering 

^esflf mercury; otlierwise they interfere with the result The 

foi the tube, which contains the potassium, is next gently heated 

^ spirit lamp ; the metal enters into fusion, and is covered with a 

D crust, which soon disappears ; the brilliant surface of tlie metal 

yJB exposed ; it absorbs much ammoniacal gas, and, in a few in- 

'jp transformed into the olive-gieen substance. It is necessary, 

leriod, to remove the lamp; and indeed the regulation of the 

|(ich can only be learned by experience, occasions considerib- 

y in the results, and in the quantity of aminooia which dis- 

When the gas is used in sufficient quantity, all the potas- 

A is changed into the olive compound; and it absorbs from 100 to 

3 its volume of alkaline gas. 



s,i 72. 



f Thomson's Annab, xu, 20. 



AMALTBIS .m TBS ZAATHE. 

Ipwcver, liave been rrequenlly repeated In tlle lalwratory nf the R<ij- 

J Inslitatron, but always willimitaucce^s, thuugli the KttatobtaiiicJ. 

VaaitutHctrnl fur tlic fuaiim uf corundum, rock crystal, and Other re- 

puctory bodies." It is probable, therefore, that J)r. (.'larke may have 

Itopn tDialed by the presence of some impurities in the earths, which 

p^re subruitttd to his experiments. But in a subsetiiient memo' 

aileclares his convictioa uf the accu racy orhiii results to be istreni 

i by carefully repealed experiments In which a tlisliDct inetfl 

was produced on the surtace ofbarytes, and v/as fuTiud toil 

I traces of iron or zinc deposited (aa had been su^<>csled) by^ 



Earytes. 

SflrytflS tnay be ohtaineil in a state of purity, by tlie calcinnfion of " 
Bicarbonate or nilrale, in a manner which will be hercftfler descn- 
(See cha[i. si. sect. 4, ai*t. iv.) It exhibits, when pure, tlic fol- 
I properties : 

larytes, in a pure form, has a sharp caustic taste ; changes tb- 
>ble blue coliturii to green; and serves as tlie intermedium be- 
WD oil anil wntar. In Uiese respects, it bears a strong resemblancff 
^rikalies. 

^|I> When exposed to the flame of the blow-pipe on charcoal, it 
^ts; boils violently; and ferms small el obules, which sink into 
pie charcoal. After being kept in fusion in a crucible during ten 
HWtes, it still, according to Berthollet, contains 9 per cent, of wa- 
ll',; from theory it slmuld contain 10.59 per cent, 'lliis, however, 
"rue only ofbarytes which has been obtained from the carbon ato. 
frprocetis to be described hereafter. Barytcs procured by decoiii- 
Wx the nitrate of that earth, is not fusible, and appears to coutain 
Lb if any water^ 

[ll. If a small »|uantity of water be added to recently preparcil 
Jytes, it is absorbed with sreat rapidity ; prodigious heat is e.\ci- 
llli and the water is completely solidified, a sort of hard cement 
wing obtained. A little more water converts this mass into a ligbl 
'-^'-f powder; and, when completely covered with water, the b 
"Tj dissolved. Boiling water should be employed for this s" 
SB suflicient temperature has been produced, by the • 
_ n of the whole quantity necessary for solution. "! 

Vhen the solution, prepared with boding water, is allowM 
_|fc»l0wly, it shoots into regular crystals. These have the form' >i 
attcnud hexagonal prisms, liavinj; two broad sides, with two intci 
oing naiTow ones ; and terminated, at each end, with a qiiadr:i.i 

■J- Thomson's Annids, x. 133, 375. 



if ita pliysicftl or chemical qualilies. It sank rapidly id water, and 
ven in sulphuric acid, though surrounded by globules of hydrogen 
iqual to two or th»e times its yotuine. Hence it is probable that !t 
EEanuot be less than four or five times as heavy as water. It was 
natteued by pressure, but required considerable furce for this eRect> 
The proportion of the components ot'barytes Sir H. Davy deduces 
O be 89.7 barium and 10.3 oxy^n per cent. The detenu illation of 
Berzeliua nearly agrees with this, rii. 

Barium . 
Oxygen . 



100. 



111.09 



Barium, from the esperiinents of Gay Lussac and Tlienard, 
^Kars capable of- combining witli a lai^er quantity of oKyi^en ti 

^fats in barytes; for wfien pure barytes, prepared from the nitrn 

is heated in dry oxygen gas, the afls was rapidly absorbed, and 
e earth became grey, and appeared glazed on its surface. 
' .i}a the supposition that barytes consists of an atom of barium uni- 
cd with an atom of oxygen, the atom ofbarjum should weigh 64. 
fildthai of tmrytes ri-5- The second oside' probably contains an 
MitionaL atom of oxygen ; and its atom, in that case, will weigli 



SECTION II. 

Strontites. 

fj. Strostites (called also Strontia, fiom Strontian in Scotlai 
■\e place where it was first discovered, in combination with carboi 
^c^ resembles barytes in many of its properties ; and all that is M 
llbded in the first three paragraphs of the last section may be i 
liedi also, to this earth. 
IL Like barytes, strontites is readily soluble in boiling wat^ 
^jdtiie solution, on cooling, afibrdsregular cryetals; but the shalfl 
^W these differs considerably from that of barytic crystals. The crys" 
fl^S of strontites are thin quadrangular plates ; sometimes square, 
^tener parallelograms ; not exceeding in length, and not reaching 
Jit bread til, a. quarter of an inch. ~ Sometimes their edges are plain, 
pat tliey oftencr consist of two facets, meeting togethei', and form- 
fo an angle like the roof of a house. They adhere to each othec 
rsach a manner as to fi>rm a thin plate, of an inch or more in length, 
Plid half an inch in breadth. Sometimes they assume a cubic form. 
^III. These crystals undergo, by tlie action orheat,much thesame 
BwUlges as those of barytes; and leave only about 3£ per cent, nf d^^ 
^ ^' L.I.— Dd 



fculture. In the same state, it ia sufficiently pure, for demonstrBting 
Its chemical properties ; but, when used tor purposea ol* die latter 
KlDd, it should be fresh burnt from the kiln. For Accurate e):peri- 
pients, it sliould be prepared by calcining Carara or Parian marble in 
h crucible for several hours. Its specific gravity is S.3. It requires 
lo) intense heat for its fusion, and is not volatile. 
[ U, Relation of lime to water. 

f fa) Lime absorbs water very rapidljf with considerable heat and 
noise. This may be shown bj sprinkling a little water on some dry 
buicklime. The above-mentioned phenomena will take place, and 
IRie lime will fall into powder, which has been called hydrate of lime. 
Sb this compound, the lime is to the water, accoiding to Mr. Dalton, 
Its 2S to 8;acording to Davy, as 55 to 17; and to Berzelius, as iOO 
Kb3S.l. Some care, however, is necessary in its preparation, lest more 
M(ter should be added, than is essential to its coDatltution. Ita&orda 
Kfery convenient form of keeping lime, for occasional use in a la- 
l6ntory ; for the hydrat may safely be preserved in glass buttles, 
Irhich are almost constantly broken by the earth in its perfectly dry 
Kate. The hydrat of lime ditfeis from those of barytes and stron- 
Btes, in retaining its watermuch less forcibly ; for the whole of it 
Ibay be expelled oy a strung red heat. 

W The degree of heat, produced by the combination of lime witli 
Hater, is supposed by Mr. Dalton to be not less than 800°, and is 
BlfEcient to set fire to some inflammable bodies; and when a large 
Boantity of lime is suddenly slacked in a dark place, even light, ac- 
^rdingto Pelletier, is sometimes evolved. The caloric, wliich is 
Uqs set at liberty, is doubtless that contained in the water, and es> 
nentialto its fluidity. By combination with lime, water passes to a solid 
l|Ute,and probably even toa state of mucb greater solidity than that of 
Ibe. Hence, during this change, it evolves more caloric than during 
■ODversion into ice; and hence even ice itself, when mixed witli 
■utcklime, in the proportion of one to two, enters into a comhinatioa 
nhich has its temperature raised to Z\S.°. When a sufficient quan- 
Bty uf water has been added to reduce lime into a thin liquid, this is 
KUled milk or cream of lime. 

K.liime is, in some degree, convertible into vapour, by combination 
Kth water. When a piece of moisteued paper, stained with the 
Bfice <^ the violet, is held in the steam, which arises from lime sud- 
ISalT slaked, its colour is changed from blue to green. Hence the 
Bnetl which is perceived during the slaking of lime. 
B ^b) Lime absorbs moisture from the atmosphere, and falls gradual- 
ly into powder, containing pure lime and water, in the proportion 
Kewly of 100 to 32. 

I (c) Lime is very sparingly soluble in water, vix. in the proportion 
Bf about 1 to 500; according to Thomson, 1 to 758; to Dav;^, I to 
M50;and to Dalton, at 00° Fahrenheit, I to 7*8. The experiments 
W'Mr. Dallon tend to cstahlibh a curious fact respecting tlie solu- 
nlftyof lime, vi;:. that itdissolves more plentifully in cold than in 
■iot water. He has given the following table, the first column of 
■iMdi espresaes the temperature of tlie water; the second, the num- 
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ber of grains of water, required to take up one grain of lime; and 
the third, the number required to dissolve one grain of hydrate of 
lime. 

Grains of water Grains of water 

Temperature. that dissolve that dissolve 

1 gr. of lime. 1 gr. of Hydrate. 

60° ..." 778 584 

130° 972 720 

212° 1270 952 

At the freezing point, or nearly so, Mr. Dal ton thinks it probable 
that water would take up nearly twice as much likue, as is dissolved 
by boiling water. 

Lime, when thus dissolved, forms what has been termed lime-water. 
This solution tastes strongly of lime, turns vegetable blues to green, 
and unites with oil, forming an imperfect soap. To prepare the so- 
lution, lime is to be slaked to a thin paste, and a sufficient quantity 
of water afterwards added. The mixture is to be stirred repeated- 
ly, the lime allowed to settle, and the clear liquor decanted for use. Ft 
must be preserved in closely stopped vessels, for reasons which will 
be stated in the chapter on carbonic acid. 

(d) When lime water is freely exposed to the atmosphere, the 
lime is precipitated from it in the state of a carbonate ; and it is, 
therefore, 'not possible to obtain crystals of pure lime, by evaporat- 
ing lime water in the common way. Its crystallization, however, 
has been effected by Gay l^ussac, by inclosing a vessel of lime water, 
and another of concentrated sulphuric acid, under the same glass 
receiver*. The evaporation of the water goes on quickly, especial- 
ly when the sulphuric acid is occasionally renewed, and small trans- 
parent crystals are obtained in regular hexahedrons, cut perpendi- 
cularly to their axes. They remain transparent when exposed to 
.the air for a few days, and are then changed into carbonate of lime. 
By ig!iition in a glass tube, their water of crystallization is expelledt 
and they are proved to consist of 

Lime 76,26 100 

Water 23.74 31.14 



100. 
These crystals agree, therefore, very nearly in composition with 
the hydrate (or /ujdro;vure, as Gay Lussac proposes to call i^t) 
which is obtained by exposin*? (juicklime to a damp atmospher 
This, if the atom of water be taken at 8.5, would make the atom 
inie 26.5, and that of the hydrate 35, Or, taking oxygen wit, 
>r. Wollaston a& 10, and the equivalent of water to be 11.32, tl 
uivalent of lime will be 35.46, and t!iat of the hydrate 46.78. 
^^inie does not combine, in any notable proportion, with the alkl 
• or earths already described, except by fusion. » 

Vhf*. baseof li\m,to which Sir 11. Davy has given the name 
*>ttiii* he has never been able to examine, exposed to air or und 
^phtlia. In the case, in which he was able to distil the quicksilv 
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its amalsrani. to the greatest extent, ^he Iritw unfortunatelj 
whilst warm ; and, at llie Dmment that the air entered, the 
inetal, which had the tdour and liiEtrc of silver, instantly took fire, 
and bunit, with an intense white light, into Hme.. 

There appears to be only one compound of calcium and osj;ren. 
viz. lime; and. in thia, tlic oxjseQ is to tlie metal, acciirdinj; to Sir 
^. Davj, as 7.5 to 90. Berzelius electrified lime liquor in contact 
With mercury, and obtained an amalgam of mercury with calcium.' 
On this, water was made In act ; and, fram the quantity of lime that 

'4a formed, he estimated its composition lo be, ^ 

Calcium ... 71.73 100 

Oxygen . . . 28.9r 59.4 



This would make the afonr of caici 
if lime 27.5, and of the hydrate 3(i. 
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SECTION rv. 



Magnesia. 



Magnesia possesses the properties of an alkali, but in aconsider»- 
j leas degree than any of the fore^^oing eartlia. Its characters are 
I follow : 

I. When perfectly pure, it is entirely destitute of taste and smell, 
ta specific gravity is between Sand .3. 

II. No heat is excited bv the aS'usion of water, and only a very 
lall proportion, not exceeding a 3000th its weight, of earth is dig- 
ved. Magnesia appears, however, to have some affinity fur water; 
■ when moistened, and afterwards dried, its weight is found in- 



hydrate, which, when dried by a very gentle heat, forms trans- 

arent masses. In this state, according to Day, it contains about \ 
Fitsweightof water ; or, according to Ber^elius, 100 parts ofmag- 
esia absorb from 142 to 1 44 of water. 

III. Magnesia changes to green the blue colour of the violet ; but 
ho watery solution of magnesia, when filtered through paper, does 

it produce a similar effect. In this respect it differs from lime. It 
ddens turmeric like the alkalies. 

IV. It is not dissolved by liquid alkalies, nor by alkaline earthsj 
id in the dry way, it has no affinity for barytes or strontites. 

Hk base of magnesia, fur which Sir H. Davy has proposed the 
rm magnesium, is but impcifi^ctly known. In the attempts to distil 
» amalgams, the metal seiMned to act upon the glass, even before 
'-' : whole of the quicksilver was distilled from it. In one experi- 
int, in which tiie process was stopped, before the mercury was en- 



316^ aiMtK. ' 

C' !rre,incon9eriucTiceof theabsarptionorcarbunicnclHbjtheti 
ilhuut attenliun Id t lie circumstances mentiuned in ^peulitiu 
prepuratiuti, glaxs, uiiil not siIpx, h lieparated hy acids*. 

(h) Uarj-teu, or sU'iHililes, and sileK combine togetlier. i 
ner similar to llie union of thiH earth with alkalies; but the col 
tion ha4 not been applied tn any useful purpose. 

(i) When a solution «f sil.-x in potaah h mirijled vi'tih 'i 
bftryte^, of strontites, or of lime in water, or uF alumiiie in all 
pre I'ljiitation ensues. Hence silex maybe inferred to have ani^ 
for all these earths, in the hiiinit! way. The composition oPi'l 
precipitates is stated by Mr. Dalton in his System, p. 541. ^ 

In consequence of its possessing a stronger affinity for ali(al!| 
earths than for acids, as well as from ita other hamtudes, silcl 
been thought to present a closer analogy with acids than witti ^ 
and in a chemical arrangement to be more properly placed f 
fdi'mer class, than in the latter. On the other hand, as it ts deil 
In some of the characters which have hitherto been deemed esS 
toft«iditr, 1 have notthoughtit expedient to remove it from th^T[ 
which itiias hitherto held in chemical arran^mcnts. 

Base of SiU.T.—lu his attempts to obtain the base of si 
silicium, in a state of separation, Sir H. Davy has hitherto b< 
SUGceHsful ; tiioujj;*! the results of his experiments leare little r 
doubt that this earth is, like the rest, a metallic oxide. 

Berzelius decomposed silex, by fusing it with charcoal atri 
in a blast furnace. He obtained an alloy of iron and siliei 
by the Bction of a diluted acid, gave more hydrogen thai 
weight of iront. This process was successfully repeated by 8 
heyer, anil the properties of the different alloys investigated^ 
recftmniends the fusion of 7 parts of iron, 5 of^silex, and frdi^ 
^tiia of a part of soot. Krom the results of acting on the b" 
mute acids, Berzelius infers silex to consist of 



Silicium 
Oxygen 



100. 21738 



I'Sir H. Davy deduces the proportions to be 31 of rc ^ 
i; These numbers, however, can be considered in no a 
ttian as approximations ; but since, according to rccen^a 
W, three )>arts of potassium are required to decompoir 
!■ that earth cannot contain much less than half its wetf 
kThe base, Sir H. Davy now believes not to be a mett 
'^' Ht resembling; boron ; and like it, bearing an a 
^lur, and phosphonis. 

. Sec tilfio hia account of an attempt to analyze 

■ Phil. Trans. 1BI4, p. 67I 



I. Muinine may be obtained free frotn other earths, but still com- 
rined willi carbonic aciJ, by precipitating a stilutioD of alum in water 
iy the bi-carbonate ofpotaan. 'lo secure its complete puritication 
{rom sulpliuric acitl, Guytun advises that the piecipitate be re-ilis- 
lolved in nitric acid, that nitrate of barytes be cautiously added to 
jlie solution, till it no longer occasiuna milkiness, and, that the ala- 
foise be arterwards precipitated, or separated Troni the nitric acid by 
beat*. Klectro-chemical analysis, however, in this as io many othei- 
itiataitces, shows tlie imperfection of the common methods of separa- 
tine bodies from each other ; for the most carefully prepared alumine 
jiwis the metaU of soda and potash, when negatively electrified in 
contact with mercuryl. Ber^eliutt, al&o, found that when alumina 
IB precipitated cither from the sulphate or nitrate, it is contaminated 
with those acids ; but not with the muriatic, when thrown down 
from the muriate of alumine by ammonia- Gay Lussac recommends 
the preparation of alumine by exposing that kind of alum which has 
ftmmonia for its base, first to a gentle heat to Mpel the water of crys- 
tallization, and afterwards to a red heat, which leavea the alumine 
pure}. 

IL Alumine has the following properties : 

I, It is destitute of taste and smell. 

£. When moistened with water, it forms a coliesive and ductile 
msceptible of being kneaded into a regular form. It is not so- 
luble in water; but retains a considerable quantity, and is, indeed, 
. 4 hydrate, containing, when dried at the temperature of the atmos- 

Ehere, almost half its weight of water. Even after ignition, alumine 
KS euch an affinity for moisture, that it can hardly- be placed on the 
scale, without acquiring weight Berzelius found that 100 parts of 
slumine, after being ignited, sained 13 j from a dry atmosphere, and 
33 from a humid one. For full saturation, 100 grains of alumine, he 
'JUCPJ^ '.'-'' ed, require 54 of water^. 
^u^'^} beeis not affect blue vegetable colours. 
k 73"^ thtfiSsolved by the liquid fixed alkalies, and is precipitated 
At alia ^ium changed. In ammonia, it is very sparingly soluble. It 
' in alkaline carbonates. 

■ i and atrontites combine with alumine, both by fusion 

numid way. In the first case, the result is a greenish or 

ured mass. In the second, two compounds are formed. 

^ ^ containing an excess of alumine, is in the state of ar ""^■' 

the other, having an excess of the alkaline & 
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mains in Rolution. Alumine tn&j be uniM, b^ Fusion, with t 
alkalies, am! with moit of the earths. 

ti. Alumine, as will be al'lerwanls shown, has a strong KfEnil 
colouring matter. r 

r. Alumine has the property of shrinking considerably W 
when esposed to heat, and its contraction is in proportion to tl 
tensity of the heat applied. On this property is founded the" 
meter of Wedgwood, which measures high degrees of heat, V 
amount of (he contraction of regularly shaped pieces of chtnT 
The pieces of clay are small cylinders, half an inch in di^ 
flattened on the under surface, and baked in a tow r 
contraction of these pieces is measured, by putting them I 
two fixed rulers of brass or porcelain, twenty-four inches I 
an inch distant from each other at one end, and three teni 
inch at the other. The rulers are divided into 340 eaual pur^ 
«d de)i;rees, which conimencc at the wider end ; and eacn ofK 
is equal to 130° of Fahrenheit. When the clay piece is &xtS 
place, before exposure to heat, it is stationary at the first < 
which indicates about lorr" of Fahrenheit. After being p* 
heated, in a small case which defends it from the fuel, its bn 
inini^hed, and it slides down, between the converging rulei 
slopped by their approach. The number on the graduated s^i^ 
posite to the upper end of the piece, indicates the degree of 111 
which it has been exposed. In the appendix, rules may be 
for reducing the degrees of Wedgwood's pyrometer to those O 
renheit'a thermometer. It is proper, however, to remark t" " 
instrument is a much less accurate measurer of heat than i 
supposed ; and that its contraction is infiuenced not merely 
degree of heat to which it is exposed, but by the mode of i1 
Gabon. 

Almost every thing that has been said respecting the bue 4i 
is true, also, of that of alumine ; for Sir H. Davy attempt 
Composition of the two earths by much the same processes 
his results afford, is a strong presumption tliat alumioe is 
oxide ; but its base, tdttmiwut, has not yet been obtained 
state as to make it a fit object of investigation. Yet alloys 
farmed, which give sufficient evidence of its existence 
presence of oxygen in alumine is proved, by its changing pota 
into potash, when ignited with that metal. 



SECTION VII. 

Zircon. 
I. This earth was discovered by Klaproth in the year ITf 



precious stone from the island of Ceylon, called Jai«on oi 
and has since been detected in the hyacinth. It may^c obi 
the following proceis : 



m 



Reduce the hjadnth to Goe powder, which may be done in an 
agate mortar, after previously ignitins the atone, and pIungiDg it in* 
to cold water, to render it brittle. Mix the powder with time times 
its weiglit of pure potash ; and project it, by a spoonful at once, into 
a red-hot crucible, taking care not to add fresh portions till tlie for- 
mer 0068 are melted. When the whole is in fiision, increase the 
heat for an hour, or an hour and a half. When the crucible has cool- 
ed, break it, and detach its contents ; reduce them to powder, and 
boil them with distilled water. Let the insoluble part subside ; de- 
cant the clear liquor, and wash the sediment with water, till the 
washings cease to precipitate muriated baryt«s. On tlie residuum 
KtDr muriatic acid to eicess, and boil it during a quarter of an hour, 
^ter the liquor, and evaporate to dryness in a leaden vessel. Re- 
jolve the dry mass ; filter again, and precipitate the zircon with 
''onate of soda. The carbonate of zircon is thus obtained, from 
h the carbonic acid may be expelled by calcination. 

II. Zircon has the following properties : 

i. It has tlie form of a fine white powder, which has somewhat of 
be harsh feel of silex, when rubbed between the Sngers. It Is en- 
icely destitute of taste and smell. Its specific gravity exceeds 4. 

a. It is insoluble in water; vet it appears to have some affinity 
~r that fiuid, for it retains, when slowly dried after precipitation, 

le third its weight, and assumes a yellow colour and slight trans- 
_jifency, like that of gum aiabic. 

' S. It is insoluble in pure liquid alkalies ; nor,diics it even combine 
vith them by fusion; but it is soluble in alkaline carbonates. In the 
itregoing process, therefore, the carbonate of soda should not be ad- 
led to en cess. 

4. Exposed to a strong heat, zircon fuses, assumes a light grey 
olour ; and such haitlnesss, on cooling, as to strike fire with steel, 
ud to scratch glass, or even rock crystal. 

5. Its action on other earths has not been fully investigated. 
It is precipitated from its solutions in acids by tri^e prussiate 

Mitash*. 

1. The base of zircon, or zirconum, is still unknown, though in- 
stigated by Sir H. Davy iu the same manner as the base of silex. 
:Iien potassium was brought into contact with ignited zircon, pot* 
b was formed, and dark metallic particles wefe diffused tlirougU 



SECTION VIH. 
Giucine. 
1. Tliis earth was discovered by Vauqnelin, in the year in 
obtained it from the aqu:.. miirina or beryl, a precious stone of s 
an colour, and very considerable hardness, which is found cry»- 
iized in Siberia. Glucine has since been detected in the emerald 
J^u, and in the gadolinite. The fulluwing process may be cm- 
l^d to separate it from the beryl : 

* Klaprotti, ii. 314. 




SECTION X. 

Tliortna. 

I. WmLE aimlyi^ing some minerals from the neighbour) 
F^tliliin in Sweden, Professor BerzcJius found in them a new eJl' 
which he had also extracted, in the summer of 1815. from a specie 
of cadolinite. In these it was combined with the fluate of ceriuq 
aoiTyttria. The pulverized mineral was first treated with cnncei 
trated sulphuric acid, which decomposed the greater part of iti U^ 
expelled the fluoric acid. From this solution, sulphate of potash pin 
cipitated the oiide of cerium, and caustic ammonia afterwards ocG» 
stoned a farther precipitate. ThiE, dissolved by lung digestion ^ 
muriatic acid, consisted of the muriates of yttiia and of the le^ 
earth. It was evaporated to dryness, in order to expel the exUM 
of acid, and water poured over it to dissolve tlie muriate of jttiisi 
The residue was subjected to the action of muriatic acid, and (he 
solution accurately saturated by caustic ammonia. On adding water, 
and applying a boiling heat, a white ^latinous precipitate fell, whic& 
was collectwl on the filter. The liquor, that passed through tlie 
filter, was again saturated with pure ammonia, and heated to ebulli- 
tiuD, which occasioned a fresh precipitation of the same earth. Thi% 
KJUD washed and gently dried, is the substance in question. 

n. I. This earth, when dried, is perfectly white; it absorbs Cllh 
bwic acid, and dissolves with effervescence in acids. After calo- 
DStion, its white colour remains unimpaired ; but if the heat has be«)^ 
Hiir. it is rendered less easily soluble in acids. The neuiral •"Ifc, 
|tl)f it linve a purely astringent taste, which is neither sweet, no^ 
^^ nor bitt«r, nor metallic, a property in which it differs fiom ll^ 
■ " s except iirconia. . 

"n dissolved in a slight excess of sulphuric acid, and sfl^ 
bijioration, it yieJds transparent crystals, which are lid? 
nmtire to the air, and have a sweet astringent taste. ' 
ones readily in nitric and muriatic acids, hut does 
Sizable salts. AVhen precipitated by pure alkalies' 
i(^ CArbonic acid from the air with avidity ; and the alkalu 
utes tlirow it down, in combination with the whole of t)]i 
ipic acid. It is precipitated by the oxalate, tartrate, andoi! 
WpT ammonia. Succinate of ammonia occasions a precipitah 
I la immediately re-dissolved; and ferro-prussiate ofpotul^ 
'ft down a white precipitate, which is soluble in muriatic acio*„ 
l| la not soluble, even when freshlyprecipifated and at alwifjj 
Ui|)erature, by the pure alkalies. The alkaline carbonates dEs 
"*. but much more sparingly tli an any other earth ou whici 
" ipable of acting. 
n*t reducible, when strongly heated in contact with dli 
fere Ae btow-pipe, it cannot t>e brought intw fusion. \V\\^ 
**'>iq^iatn uf soda, it fuses into a transparent gtaaa, Inlta 
nuda. 



Uesflrs. Gahn and Berzelius having been accustomed tn speak of 
this earthr under the name of Thornia (from Thor, a Scandinavian 
^eity), we may distinguish it by tliia namr^till a more appropriate 
We shall be pninted out. 
Tliorina differs from the other earths in the following properties : 
roin alumine and gluciw, by its insolubility in liquid potasn ; from 
ttr^, by its solutions being purely agtringent to the taste, without 
on^ Sweetness, and by the property of being precipitated at a buiHne 
feat, ftzcept when prevented by too great an excess of acid. It dil- 
l2tB from zirconia in the folfowin^ respects: 1st, Because, after 
Umdc ignited, it is still soluble in aciils. 2d, It is not precipitated by 
Stttpnale of potash, which throws down zirconia, even from solutiona 
CDntaining a considerable excess of acids. 2d, Thornia is precipl- 
jtAed by oxalate of ammonia, which is not the case with zirconia. 
*'bi Its combination with sulphuric acid crystallizes readily, while 
iphate of zirconia forms, when pure and dried, a gelatinous mass, 
Itnautany trace of crystallization. 



CHAPTER X. 



The term acid is applied to alt bodies that possess one or nqre 
of the following properties. 

1. The acids liave a peculiar taste,' which is expressed in common 
■age by the term sourness. 1'his is very dinerent, as to its de- 
. in difterent acids. In some it is so intensely strong, that they 

ktmot be applied to the tongue without producing pain ; and it cha- 

"terizes thein, even when diluted with several hundred times their 

ight of water. The sourness of others is such only, as to render 
iitto agreeable to the palate. 

Si, The acids redden blue vegetable colours ; and they possess this 
iroperty even when greatly diluted. Hence blue vegetable infu- 
Sdds, or papers stained witn them, become tests of the presence of 
I^combined acids. A single drop of sulphuric acid is capable of 
rMdening a lai^ (Quantity of water coloured with litmus, or wiUi 
lyrup of violets. 

S. The acids combine chemically with alkalies, earths, and metal- 
Sv oxides ; and totally destroy the peculiar qualities of those bodies. 
Let a few ounce-measures ot water be tinned blue with syrup of 
violets; add a few drops of solution of potash, and the colour will 
^S changed to green ; then drop in, very slowly and cautiously, sul* 

liuric acid much diluted, and the blue colour will be restored. At 



baiidthat the other characteristic qualities of the components hi 
ceased to be apparent in the compound. 
It is not necessary, however, la order to entitle a body to 



or ACIDS DI •«) 

ninong tho nciils, thnt it sliuuld possess all the fjualit^es Wi'^ 
Iiuen enuineriilcd. 'I'liu prussic aeiil, for example, ' 
llie Uate, nor does U reiiden blue vegetable colours ; bat ) V 
ilH manifesting Oie iiropertiet) of chemical combination, enuM 
Dntler (lie thini lu'ioi, it in anangeil atnung the ncide. Other, 
flKO'li ore e)Li,|ti<leil (though peihajis imjiroperlj) fi-om llils 
wliich piisacss, pai'll_v, the charncttrs ol acii^s. I'hus Hulpf 
hytlrngen chanices llie blue culiiurs of vegetables tu red ; ant 
biues cliemically with alkalies anil earths. 

All the acida were inferred hy Ijavoisicr, from ahologj' v 
which had ulrend^ been ilecomjjosed, 1o contain ox^i^en, v 
cunsidei'tMl, b^ that dislinffuished philusapher, as the genera 

Ele or cause of acidity. Since the brilliant discoveries ( ' 
lavj, we may, with e(|ual justice, consider MjMn as ttli 
principle of alkaiinily. And besides, it has been lately pro 
respect tu tellurium and to the new substance iodine, m ' 
rendered highly pr()bable with respect to chlorine, that i 
afford ncids, uut only by uniting with itxygen, but also by c 
with hyilriigen. Sulphur, also, bf combinatiim with liydrfl 
quires many characters of an aciO ; and u compound base tf' 
and nitrogen, called cyavogea, ha.s been shown by Gay I 
form pniHiiie acid by the addition nf hydrogen. The theo _, 
'ton, that oxygen is essential to acidity, must be abandoned, ' 
% still imporlaiit tu know that most of the acids contain <l 
bccauee it explains many of their most inlerestiitg qualities,! 
ing on the trausfer of oxygen from the acids to the bodies or 
(hey act. 

The peculiar properties of each acid arc derived from t 
liustible base, with which the oxygen is united; 
itBMiecific name. Thus sulphur, when oxygenated, affords H 
uiif ; carbon, carbonic acid ; and so of the lest. But the e^ 
tiantibte base admits of being combined with different prnpw 
osygen; and ihecoinpounrl<i, thus generated, are distJngaishi 
TVTf liiSercnt train of qualities. Sulphur, fur example, wl 
bined with the lull proportion of oxygen, with which it is ci 
uniting, alfords a very dense and corrosive acid, called the an 
when oxygenated in a less degree, it yields a penetrating!! 
rMinggns called the sulphurous acid. By these two tern 
the decree of oxygenation are distin^ished. Thuswc htT€ 
ipJKirn- ;uiit phosphorfju.s acids, the nitric and nitrous ; the t( 
II- .itiacid wiih itafuU proportiot 

il'- base, which affords an acid when fully oiygenaliS 
. .10 oxide when combined with a less quantity of* 

<■' ir i-iample, affords carbonouB oiide and carbonic* 

ilherto known, no intermediate product, 
tefvllowing table exhibits the compounds, which ri 

" n of the principal combustible bases. Itisiotrod 
etiienytoshuvrthat theoxygenin the i 
(lunda is in (juantiiiet-, which are simple multiples^ j 
^U>*!c in tin: low oxygeuizud compounds. 





. 265 oxygen 

. 150 oxygen 



. 135 oxygen 
. 67.5. 



'consequence of the oxy*€ 



Result. 



carbonic acid. 
carbonous oxide, 
sulphuric acid. 
sulphurous acid, 
persulphurous acid i 
nitric acid. 
nitrous acid. 
nitric oxide. 
nitrous oxide. 
phosphoric acid. 
phosphorous acid. 
which they cont^, that se- 



BT&i of the acids are decomposetf by inflammalife substances, witli 
^ disengagement of intense heat and light ; ur that the acids are 
^^« they Wave been termed by Dr. rhomson) supporters of combustion. 
Ilia praipei'ty belongs most remarkably to those acids, in which ox- 
gen IB most weaicly combined. Thus the nitric acid retains its ox- 
gen so feebly, that many inflammable substances, when merely in- 
raduced into it at the ordinary temperature of the atmosphere, take 
re and burn with vehemence. It is not, however to be understood 
hat oxvgeo, and the compounds into which it enters, are the only 
Upporters of combustion, for chlorine, iodine, and probably fluo- 
ine, belong also to the same class of bodies. 
All acids in a solid or liquid state, it has been observed by Ber- 
xdiua, contain water as an essential element, and do not abandon it 
fithout decomposition. Sulphuric and nitric acids, for example, 
annot exist independently of water. In acids that are capable of 
uaming a solid form, water appears to exist in two states, as a 
sae essential to the constitution of the acid, but yet incapable of 
eutralizing its acid properties ; and as water oi crystallization. 
rhus the citric acid in crystals contains 21 per cent, of water, of 
vhich only une third can be expelled by heat without destroying the 
icid. A different view, however, of this subject has been lately 
aken by Dr. Murray', who considers the oxygen and hydrogen in 
Al acids which are thus constituted, as existing, not in tne state of 
Vaiter, but of ternary combination with the elements of the add, and 
a to^efA^r conferring acidity. For example, liquid sulphuric acid 
le regards not as a compound of real sulphuric acid and water, but 

S8 a ternary compound of sulphur, oxygen, and hydrogen. Acidity, 
, .would appear, therefore, which is sometimes dependant on oxygen, 
(ind sometimes on hydrogen, is in otiier cases (and those often of 
jLGtds of a higli degree ,of intensity), the result of the combined 
i)peration of the two principles. 

,j Every acid, with a few exceptions, is capable of uniting with eact 
Udividual of the classes of alkalies, earths, and metallic oxides, 
^n these compounds, the separate qualities of the component prince 
• See his papprnn m.iwalif sfid. P.-linburKh Tra 
Vol, I.— F f 
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Eles are id many instances no longer apparent, and ha 
gen colled nfutrai salts. In evcrj sail, then, there ail 
distinct ingredlentn. The acid, uf whatever kind im 
been ilenominateil, by Lavoisier, the sa"' ' 
body, witli which the acid is coniljirieU, whether ar> oM 
or an oxide of any of the cuminnti metaU, the satiJiabSi 
ply tAe bane. The salts, formed by an individual acid i 
dinbrent bases, may be conHidered as a genus or class ] 
distin^islied by a ^;encric nairie, expressive, in part, of i 
sition. This i^ncric Tiame is taken frum timt of t!ic aci<1 
binnUon of sulphuric ncid, for Instance, with any base£ 
sulphat or sulphate!; of [jhosphoric acid a pkosp/mti^; and so 
The name of the individual aalt is derived from that o 
'JTbus we have llie sittphat ofpatash, tlie salplmt of soda,M 
sulphur, phnsphurus, and other bodies, it has already beeid 
are susceptible of difl'erent degrees or stages of oxygenJ 
aflbrd, in these dilterent stages, acids which are chaructet-U 
peculiar train of properties. The compounds, also, \v\iia 
worn the union of two difl'ereat acids, having the same cnip' 
base, with alkalies and earths, are altogether difTerent i 
other. The salt, for eiainple, which sulphuiic acid afli 
potash, is Avholly unlike that which results from the combinsH 
eulphurouK acid with the same base. !t was necessary, ther*'*" 



distinguish the c 



inds of tlie more oKy^cnated from 'hos^ 



less oiygenatcil acid ; and liiis has been done by changing tl 
mination from ate to ite. Thus the salts, formed with sul^ 
and phosphorous acids, are called, sulphites and pliospliites j : 
phite of potash, phosphite of soda, &c. 

Ad important law has been deduced, by Bcrzelius, respectS 
corobiDfttion of acids with bases, viz. that the mtatUities of tfffl 
httMS, required to saturate a given quantity of any at'id, all cd 
ihe same quantity nf oxygen. For example, 100 parts uf 9uIm 
acid are saturated by a quantity of any base, containing 30 ul 
vsvKen; and 100 parts of muriatic acid by aqunutily oTbasetM 
holds in combination 30.49 parts of 0.\ygen. These pruportid 
not seem to be changed by varying the state uf u!(y!;e nation iP 
ftudi for sulphites ^isnrb oxygen to become sulphates, and e£ 
*~iun neutral; the phosphites, when changed into phosphatetf 
I, phosphorus, and continue ueutral. It would appear. tU^i 
HKtiie proportion between the oxy^li of the acid, and fliat d 
"■IB regulated by the proportion ot the eombuatible ingrediuj 
d ftnd base to each other. In sulphurels, fur cifanipM 
d sulphur are in such proportion, that when both a 
Ihe oxide, resulting from the one, precisely satura 
nulling from tlie other. These facts strcni^ly coutim 
"wiry, and caunot, indeed, be explained by any otber* J 
m we have considered the compounds of aculs with,'] 
I bases only in tlie stateof neutral compounds, 

il.acid.nor the base predominates. Butwehavea _. 

ti In which a neutral compound is susceptible uf uniting 1 
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B tvith RQ aJilitional quantity of acid or of base, and thus of acquiring 

■ an entirely new set of properties. Potash and tartaric acid, tor ex- 
■ample, when united in the tirnpnrtions which neutralize each other, 
Bcompose an eittremelj soluble salt, which has no action un vegeta- 
Bble colours ; but with u double proportion oF acitl, a salt is formed. 

■ which requires a large (luantity of water for solution, has an acid 
IT taste, ana instantly reddens vegetable blue colours. 

To distinguish tnis and other other similar salts, the epithet actcfu* 

laus was first proposed ; but, for the sake of brevity, it has now be- 

cdlne customary to prefix the Latin preposition super. Thus we 

have the 5u;'er-tartrate of potash ; the super-sulphate of potash ; &c. 

On the contrary, when the base is predominant, we derinte the de- 

$ciency of aci(f by the preposition sub, as sub-carbonate of pntash, 

wi^boi'ate of soda, &u. In the instance of the compounds of oxalic 

I i^cid with potash. Dr. Wollaston has employed the words biruKcalaie 

hta^ guadraxatate, lo esnress the proportions in which the acid 

JJlDltes with the base ; and this method of nomenclature he has ex- 

Kuoded to olher salts, formed by the union of an acid and base in 

■owerent proportions. There are several cases, however, in which 

Me' is extremely dillicu It to decide, whether a salt is to be classed 

K^ong neutral, of among sub or super salts'^. 

B|' Thore are few instances of salts with compound bases; and iQ 
I cases of this kind it is customary to annex to the generic name those 
I ^f both the basL's. Thus, for example, we have the tartrate of potash 
It'&iid soda, the phosphate of ammonia and magnesia, or as it is some- 
liimes called, ammoniaco-inagneslan phosphate. 
K In no part of chemistry is the advantage of the new nomenclature 
ft iuore sensibly experienced, than in the class of neutral salts ; for the 
P'tiuniber of these compounds is susceptible of being multiplied to an 
■jmnipnse extent. If the knowledge of the name did not lead to that 
1^1 the compound, scarcely any memory would be adequate fo retain 
B'tbeni. But by changing the arbitrary titles, formerly assigned to 
Kfiiem,for names expressive of their composition, we are furnished 
Kwith a kind of artiGcial memory, which renders their recollection per- 
nfectiy easy. Thus for the terms, butter of antimony, sugar of lead 
Kjid Glauber's salt, are now substituted the more appropriate epi- 
■^ets of muriate of antimony, acetate of lead, and sulphate of soda, 
r Of those acids, which are supporters of combustion, a few retain 
I %esame property even in combination. Nitrate of potash, it is well 
P^nown enters into active inflammation with charcoal, sulphur, and 
I Other combustible bodies. This is owing to the quantity of oxygen 
f jvhich the nitric acid contains, and which is less strongly attracted 
f fey the nitrogen than by the newly added body. 
I Other properties, general to the class of salts, have already been 
I jJescribcd iJi the section on cohesion ; especially their solubility, and 
tl\eir crystallization. On this last sul^ect, it is necessary to add 
L !tilft general law deduced by Berzelius, viz. that in all salts, the wa- 
k idr ot crystallization contains a quantity of onygen either equal to 

I • See the remarks of Bcrielius, Ann. de Chim. Ixxis. 264, and Ixuii. CS5. 
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ity furm nf pure carbon ; and tliat cliarcoal is a compouni] of carbon 
land oxyt;eti, or an oxide of cai'bon. The important experimtiiita of 
iMeasrs, Allen and Pepys liave suggested, however, that the diamond 
,and charcoal, tJiough so widely remote from each other in eicterrial 
jchai'actera, are, as to their cliemical nature, identically the same : 
and tliat the difference between them, in all probability, results 
nerely fruin the respective states of a^regation of their partictea. 

Some doubt>i, it must be confessed, were thruwn on this conclii- 
Bion by an experiment of Sir H. Davy, in which an inflammable gas 
HVafl obtained, by igniting charcoal, in a Toricellian vacuum, by a 
powerful Voltaic battery. But the hydrogen, thus evolved, may rea- 
(Hinably be ascribed to water, from which it is extremely difficult Ixi 
free charcoal. The absence of oxygen from charcoal was proved, by 
heating it with potassium, for no potash was produced; but when 
|>otassium was heated with diamond, t!iere was an indistinct appear- 
ance of the production of that alkali. The recent experiments of 
niic same philosopher* tend to establish, that charcoal invariably con- 
tains either hydrogen or water ; for when it is burned in pure and 
Iry oiLygen gas, some moisture is always deposited. The quantity, 
iDWever, is so small, that hydrogen cannot ejcist in charcoal aa an 
essential ingredient, or in any definite proportion. The diamond 
appears to be absolutely free both from water and hydrogen ; and it 
is in this respect only, and in the mechanical arrangement of its par- 
ticles, that we have any evidence of its differing from charcoal. If 
proof were wanted of the identity of th^ two substances, it is fur- 
nished by the fact that the diamond converts iron into steel, under 
circumstances quite free from all sources of fallacyt. 

To obtain charcoal free from contamination, pieces of oak, willow, 
hazle, or otber woods, deprived of the bark, may be buried in 
sand in a crucible, which is to be exposed, covered, to the strongest 
heat of a wind furnace. For purposes of accuracy, charcoal must 
be used when recently prepared, and before it has had time to. be- 
come cold ; or if it cannot be had fresh made, it must be heated again 
,to redness, under sand in a crucible. 

A remarkably pui-e charcoal may be obtained, by passin£ the va- 
)our of oil of turpentine, or of spirit of wine, through a red-hot tube. 
|jt then appears in the form of a black impalpable powder. In the 
experiments of Sir H. Davy, this sort of charcoal, by combustion in 
n gas, gave a much smaller product of moisture than any other, 
m !l)0 parts of e^ch of tiie following woods Messrs. Allen and 
.Fepys obtained the annexed quantities of charcoal ; vix. from fir, 
18.17 ; lignum vittt. 17.25; box, 20.23 ; beech, 15; oak, 17.40; itia- 
hi^ny, 13.75. 

Charcoal has the followingproperties: 

1. In its abrogated state it is black, perfectly insipid, and free 
from smell ; insoluble in water, brittle, and easily pulv—'-'—' '" 

■ close vess"'~ — ' "'' '" "" ' " — ..--■— ..l 

chan^d t 
^ from it 




f.hnrcoal converts ftxj'gcn gas pretty rapiilly, though 'ua\ 
into carbonic a<icl, U Eeptat a temperature a little above 
puint of nuicksilver*. And if a piece of charcoal, heat) 
800" «r 1000° Fahrenheit, or nearly to redness, be intro 
a receiver filled witli oxygen gM, it continues to burn w 
increased (tplendour, ana with brigtit sciatillations. If til 
be pure, and its proportion rightly adjusted, it is entiiely 
"When this quantity burnt is considerable, a manifest pf 
Huter lakes place, and the inner surface of tlie glass ves 
cuveied witlimoislure, which disappears, however, on stat 
portion tif water owes its origin to the union of oxygen 
gen, which, it appears from Sir H. Davy's esperiments, ai 
results of its distillation, all charcoal contains. 

The diamond, also, which was formerly considered as 
lible substance, may be consumed by a sufficiently intense 
in atmospherical air. The Florentine academicians, i 
1694, appear first to have ascertained this fact, by ei^ 
nionUs to the focus of a powerful burning lens. Th~'~ 
lias been repeated by subsequent chemists, with va 
tions. It has been found by !Jir George Mackenzie that 
burn when exposed on a niume, to the temperature uf about 
wood. In oxygen gas the diamond takes fire, when the 
powerful lens istlirown upon it; and continues to burn, I 
moved out of the focus, with a steady brilliant litht, vv 
strongest sunshinet. The portion ol diamond, wliich r 
consumed, is not rendered black, as has been asset 
(bund lu have lost its lustre, like glass acted on by I 
"When the vessel has become cold, no production whatsoei 
ture is visible. By effecting its combustion in this wa 
thought he had determined tliat the diamond, in an eq' 
contains more teal carbon than exists in common charcoa 
perimcnts, however, have not been conGrraed by those uf i 
chemists. One fact, however, has been conti'ibuted on 
by Guyton, which is of considerable value. The diamo 
ascertained, is destroyed when thrown into red-hot and m< 
and this property, it will afterwards appear, has been 
plied by Mr. Tennant to die determination of tlie nature 
inund, and of the proportion of ingredients in carbonic 

To collect the products of the combustion of carbon, 
Iher a complicated apparatus. Lavoisier burnt charcoal 
quatitity of oxygen gas, which was confined by mercur] 

il being set on fire by a bent iron wire heated to rednes 

Icn and Pcpys collected the p!-cdm;ts of the com 

larcoal and of the diamond, bj burning thein se] 

■'-•inum tube, set horizontally in i charcoal furnaci 

i, at each extremity, with ameicurial gazometei 

- iinangement will best be oliliuned by imagining 

• Davy, ill Phil. Trii 
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BDil or the (ube e, fig. 40, tlie pijie 6 of a gazometcr, like that 

^howi) fi^. S5, is cDDDecteil. At tlie uutset of the experiment, 

ions of tlie gai^metei-s was filled with a known ()uantity of the 

' pureat oiXjgeii gas, and tiie othtr was emjitj. The tube ivas then 

maile red-liot; and tlie gas, being forced alternately from one 

izometer to the other, wai« rejieateilly brought into contact Willi 

«,red-hot charcoal or dianionil. The volume of the gas was found 

^J^ entirely unaltered ; but it had received an addition to its weightr 

JtrecUelj equal to what the charcoal or diamond, on weighing, was 

SsciBtitained to have lost ; and it was partly converted into a gaa, to- 

illy different in its properties from oxygen gas, and called carbonic 

CIO. It appears, therefore, that osygen gas, by conversion into 

BCBrbcmic acid, undergoes neither expanaion nor condensation. Thia 

' CUDcIoi^ion is farlher eafablished by the recent experiments of "'" 

B. Davy, on the combustion of the diamond in oxygen gas. 



SECTION III. 

Carbonic Jlcid. 



1 



t the quantity of charcoal or diamond consumed in the ex- 
leriiUents of Allen and Pepys, and the quantity of oxygen converted 
Ljnto carijonic acid, it is ea.iy to infer the proportion of carbon and 
nxy^n In the new compound. Reducing these to centesimal pro- 
n>ortiun, for every ^8 or ^0 grains of the combustible base which dis- 
appeared, 100 grains of carbonic acid (= about 301 cul»c inches) 
irere generated; and it is remarkable that these propoi-tions agree 
aactly with those originally stated by Lavoisier, The same quanti> 
J of carbonic acid resulted, also, trom the combustion of between 
B and 39 grains ofdiamund. Hence it maybe inferred, that the ac- 
' il quantity of carbon in equal weights of diamond and charcoal is 
wisely the same ; and the charcoal is not, ai, has hitherto been 
', an oside of carbon. If this inference required conGrma- 
furnished by its agreement with Mr. Tennanf s experiments 
il tiie combustion of the diamond, published in 1797. Two grains 
pnl a half of diamond (this philosopher found), when consumed in a 
■be of gold by means of nitre, gave nine grains of carbonic acid, 
Krilich, in luti parts should contain, therefore, as nearly as possible, 
^ parts of diamond or carbon. The mean of a number of Messrs, 
^pys and Allen's experiments give the following statement of the 
wmpositionof carbonic acid : 

Carbon 28.60 100 

Oxygen 71.40 . 350 

I It is remarkable, also, that the^e numbers are precisely thoa, 
[Ilidi result from tlie esperimenis of Clement ajid Desormes^ 
• Ann. df Chim, wxa. 4.?. 
Vol. I.— Gg 
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I bei^D deprived of its waler of crystal] i lotion. Let the part of 
^ tube, which contains the carbonate, be made red-hot by means of a 
^Uble frirnacc ; and, at this moment, apply heat to the part con- 
ning the pliosphorns, sufficient to melt iind raise It into vapour, 
e vapour of the phosphorus, coming into contact with the red-hot 
}ai4mnate, will decompose the carbonic acid ; and charcoal will be 
lund in the residue of the process, in the form of a very light and 

k powder. 
To procure carbonic aclJ, sufficiently pure for tlie exhibition of 
'~ properties, the combustion of charcoal is far from being the best 
jceSs. The student may, tlierefore, have recourse to another, the 
Fonale of which he ivill not, at present, understand ; but which 
:l be explained afterwards. Into a common gas bottle, put a little 
"Vflered marble or chalk, and pour on this, sulphuric acid, diluted 
h five or six times its weight of water. A gas will be produced, 
'" h those, who have an opportunity, may receive over mercury ; 
I mercurial apparatus is not absolutely essential, since the gas 
f be collected over water, if used immediately when procured. 
Dnic acid may, also, be separated by heat alone, from carbonate 
le. For this purpose, coarsely powdered chalk or marble may 
t into the iron vessel a, fig. 85, which may be connected, by 

s of the conducting pipe 6, with a gazometer. The receiving 

n'ltnder of the latter, alter a sufficiently long continuance of heat to 
^e bottle a, will be tilled with carbonic acid 
" B following 1- 

Properties of Carbonic Jieid. 
(a) R extinguishes jiame. — Set a vessel, filled with the gas* wl( 
'" inouth upwards, and let down a lighted candle. The candli 
tantly be extinguished. 

I person, says Dr. Priestley, who is quite a stranger to the pro{H 
s of this kind of gas, will be agreeably amused with extinguish!] 

tl candles, or blazinc chips of wood, on its surface. For the 
tke readdy unites with tills kind of air; so that litth 
ipes into the atmosphere. It is remarkable, that the upper surface 
moke, Hoating in the fixed air, is smooth and well detined ; 
the lower surface is exceedingly razeed, several parts hang- 
K down to a considerable distance within the body of the carbonic 
diandsoihetimesin the form of balls, connected to the upper stra- 
ti by slender threads, as if they were suspelided. The smoke is 
O apt to form itself into broad Hakes, exactly like clouds. Making 
' agitation in this air, the surface of it [which still continues ex- 
"y defined) is thrown into the form of waves ; and if, by this agi- 
10, any of the carbonic acid be thrown over the sides of the vessel, 
Asmoke, which is mixed with it, will fall to the ground, as if it 
! so much water. 

) /( (M fatal to animals. — Put a mouse, or other small animal, 
Ida vessel of the gas, and cover the vessel, to prevent the contact 
mal will die in the course of a minute orj 



d gas. Its properties a 
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By means of tliis gas, bufterflies, anil otiier insects, the t 
which it is desirable lo [ireserve, for the purpose ofcabinet bi 
may be sulVocated better than by llie commun mode of kiUi 
with ^e fames of sulphur. 

(c) Tki^gas is liravier than eommmt air. — According („. 
Davy, 100 cubic inches, at 35° Faiiienheit, and 30 inches of^ 
mmetcr, weigh 4 ".3 erains j and at 60", with the ■ 
would weigh 4T.tl. Slessrs Allen and Pcpys have lately d 
ed that 100 cubic inches, at 60*' Fahrenheit, anil 30 incnesj 
tep, weigh 4r.36 grains. Us specific gravity, according to.f 
Arajo, is 1.5196 ; and hence, if 100 cubic iiichef* of atoH^f 
Weigh 30.5 grains, the same bullc of carbonic acid s^a shm 
46.34 grains ; Dr. lire finds it to be 46.4. It will be a 
near approximation to state the weight of 100 cubical inchesM 
grains, at a mean of the barometer and thermometer. ^ 

To ahow the superior specific of gravity of this gas in a 
way, the following experiment will be sul&cient Let a \c 
tube, proceeding Irom a gas bottle, containini: powdered mitf 
dilute sulphuric acid, be twice bent at right angles ; let the^ 
of the longer legrcach thebottomof a glass jar, perfectly dni 
and standing with its month uppermost. The carbonic actf 
pel the common air from the jar, because it is heavier^— 'r| 
rior gravity may be farther shown as follows : When the " 
fectly filled with the gas (which may be known. by a li|^U 
being instantly ei'tinguished when let down into it), take iw 
of rather smaller size, and place at the bottom of it a It^tfl 
supported by a stand : tlien pour the contents of the first-Btfl 
Janntothe second, as if you were pouring in water. The ca? 
De instantly extinguishei. 
water. 

It is owing to its superior gravity, that carbonic acid g 
found at tlie bottom nf deep wells and of mines, the i 
which is entirely free from it. Hence the precaution, 
Binkei's of wells, of letting down a candle before they ventHt 
ecend in person. . 

(rf) Carbonic aeid gas Is absorbed by imtfr.— Fill partly si 
this MS. iin'l let it stand a few liours over water. An abau(-HF 
gradually go on, till at last none will remain. This absaq)a 
finitely cjuicker when agitiition is used, Ilcpeat the abovi 
_ra«nt, with this difference, that the jar must be shaken strti' 
IMry rapid diminutinn will now take place. In this manM 

& charged with rather more than its own bulk of carbt 
_ tl it acquires, when tUu» saturated, a very brisk HnttS 
Tliia impregnation is most cmumodioUBly eU'ecled B 
It, i,ol(l in the ;ilasB sliops. under the name nf Nootli'a « _ 
c itirtuence of pressure, in occasioning water to ubsorb a IS 

JiiaMily of carbonic acid, may be illustrated by an apparatjis, yr^ 
_ have di'Acribed in the Philnxophical Transactions fur IfMS, I 
jell cannot be undemtoiHl withwit the engraving thai accomni 
Prum a long scriea of experiments wilb-ttiis appaiaius, I 
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ettuced, as a fp'neral law, that water takes «p the same volume of 
ouiureii^eil carbunic a£id ga§, as uf ps undi^r ordinary pressure. 
tnd *iuce tlie spai-e occupied by auy pjaa, is inversely as the com- 
rcsslng force, it follows that the cjuantil.y oT^rus, furced inlo water, 
I directly as the pressure. Thus, if water utxler common drcuiii- 
taiices takes up an eciual bulk nf carlMinic acid, under the prcsa^r^ 
'twuktmiispheres, it will absorb twice its bulk; under three attQH 

lerCs tiirue times its balk, and so nn. 

(e) Ftom toatar, (/lus impregnated, carlionic acid is i _^ 
rterty, oil hoiliiig the taalttr, or bt/ arposin^ it under t& r ... 
fan avr-pumpj—D^i'iai^ eshaiistion, tlie gas will escape so rapidly, 
«. tA nceseiit the appearance of ebullition ; and will be much more 
emarkable than the ili» charge ot air from ajar full of common spring 
fSXer, confined, at the same time, under the receiver, as a standard 
if comparison. 

h (jf ) Carbonic acid is rx-peUed frvm water by freeziiig.— If the 
Bipregnated water be rapidly c(m>i;caled, bv sun nun ding it willi a 
Bwtureof snow and sail, ttie frozen water has more the appearance 
ifanow lima of ice, its bulk bein^ prodigiously increased by the im- 
nense number of air bubbles. When water, thus concealed, is linue- 
Icl again, it is found, by its taste, aiid other pruperliee, to have lust 
^arlr the whole of its cai-faonic acid. 

, (g) Carbonic acid gas, icken combined ivith water, reddens ve^e- 
Saws blue colours. — ■rhis may be shown by dipping into water,, thus 
impregnated, a bit id litmus paper, or by raiKing, with a portion of it, 
fidwut an eiiual bulk ot the infusiun of litmus. This fact establiahea 
ithe title of the gas to be tanked among acids. When an infusion of 
litmus, which lias been thui reddened, is either heated, or expoi^ed to 
the air, its blue colour is restored, in consequence of the escape of 
tlie carbonic acid. This is a mu-ked ground of distinction from must 
0lJier acids, the effect of which is^ernianent, even after boiling, 

,(A) Carbonic acid gas prfcipiii^s Um« )ca(wr.— This character 
nf the gas is necessary to be known, i^cause it affords a ready test 
of tKe presence of carbonic acid whenevei it ia suspdc'-ed. Pass the 
gas, as it proceeds from Ihe materials, throip^h a poriion of lime wa- 
ter. This, thouah perfectly transparent beloio, will instantly grow 
.milky : Or, mix equal measures of water saturated w'lUi carbonic acid 
,and time water. The same precipilation will ensue. By means of 
, iime water, the whole of any quantity of carbonic acid, twisting in & 

mixture of gases, cannot, however, be removed, as Saussuti jun. has 

Bhownj but recourse mustbe had, in order to effect itsentireqbsorp- 

tion, fo a solution of caustic potash or suda. 

()) By tite application of the test (h) it will be found, that car- 
, hanic acid is generated in several cases of comhitstion. — 1. Let Ihe 
I chimney of a small portable furnace, in which charcoal is bUining, 
1 terminate, at a distance sniticieiitly remote toallnwof its being k.pt 
,. cool, in the bottom of a barrel provided with a moveable top, or of ». 

lai-SfRlass vessel havint; two openins*- A smallijar of Hme water 

beins let down into the tub or vessel, and aa;itated, the lime water 
will iramedialely become milky. The gas will also cxtinguisli burn- 



inghodie^,' and prove fatal tnaniiiiulsthatnri'conlinci) in it. ^ 
the danger of exposure to the I'uinei^ of ctinic<Mil, wliiclu >n B 
inBtances, have been known to be fatal. T!i"!ie fumes c 
mixture of carbonic acid and nitrogen gases willi a very mfRfl 
pDrtiun of osjgen gas. S. Pill the pneumiitu-vhi'iiiicui troujM 
limi? water, ami burn a candle, in a Jar filled with Mmoijihfn 
over the lirac water till the Haine is extinguished. On agit«tfl' 
JKT, tlie lime water tvill become niilkj. The same appmrauctl 
take place, more sjwedilj and remarkably', if oxjgen &a bed 
tuted for common air. The carbonic acid, thus furmedduiillE 
hustinti, by its admixture with the residuary air, renders 
fit for supporting flame, than it otherwise would be frOin th(^ 
losH uf oxygen. Hence, if a candle be burnt in oxygen tsi, H^ 
tingui§lieil long before the osygen is totally absurted, becaai 
admixture nf carbonic acid with oxygen gas, in considerable p 
ttOB, unfits it for supporting combustion. Whenever any sum 
by combustion in oxygen gas or common air over lime wateti H 
a precipitate, soluble with effervescence in muriatic acid, % 
cunlidently infer that it contains carbon. 

ffc) The respiration of animals is another source of c«l, 
eeidJ—Oa conHningan animal in a given portion of atmosphcn 
over lime water, this prodaction of carbonic acid is evinced by i 
cipitfttiun. The same effect is also produced mm-e remarkuit 
oxygen gas. The production of carbonic acid, tiy respiratioOiL- 
be proved, slao, by blowing the air from the U-uesi with the aidni 

«jtt»l. thi-ough lime water, which will immed^telj grow milky. T , 

Carbonic acid, thus added to the air, unfit-- it for supporting life, not 
tnefoly by diminishing the proportion of oxygen gas, but appareotly 
bjf exerting a positiveljr noxious eHect Hence a given quantity <s. 
air will suppoit an ammal much Imger, when the carbonic acid i^' 
removed as fast as it is formed, ^an when suffered to remain ia a , 



state of mixture. It has been /ound, that an atmosphere, cunsKtinei 
■ ■ ; icid, is fatal to animals, though it sh 
than the air we commonly breathe. 



itf oxygen gas and cai'bonic ■^^ 
Gontatn a larger pronorti") tb 

(/) Carbonic acid ('■■ at all lintes present in the air of the atmoai' 
^Amv.— This might naturally be expected from the immense quaivr 
tHy which is constantly produced by "resuiration and conibustiun. ', 
lis presence.^ demonstrated by leaving a snallow vessel ol lime wa. 
«)S(d to the atmosphere; for its surface is soon covered with 
,rtHicle, which, when removed, is succeeded by another, and 
e water is deprived of all the lime, which it held in solu- 
II the precipitate, thus formed, carbonic acid is diseno^ed 
icids. 

mtity of carbonic acid, present in atmospheric air, is esli- 

Mr. Dalton not to exceed one thousandth of its bulk. 

fpined its proportion in the air of an open field, a few 

va*. In January, the mean of three experiments 

» in 10,000; in July and August, r.l8 parts ia the 

!■■ <le C!6m. «l riiys, ii. 199 ; and iil. !''). 



Bame Vdlmne, wliich is evpti considerably short of the small propor- 
&)n Jelerminuil lij- Mr. Unltuti. The diflereiice between Ihequan- 
tttHes i)ist.'iivt!r(!(l in summer and winter, thoua;h on lirst view very 
•mall, viz. ?,'„ volume!) in ten thuusand, would constitute so largea 
quantity, ivNeii t)ie whole atmosphere in taken into the account, that 
A*e lait can scarcely be considered as determined without repeated 
alid carel'u! experiments. 

fm) Carbonic acid retards tkt jmtrifaction of animal substances, 

-i— This may be proved, by suspending two equal pieces of flesh meaf, 

the one in common air, the oilier iti carbonic acid gas, or in a small 

il through which a stream of carbonic acid is constantly passing. 

'fhe latter will be preserved untainted some time after the otiierhss 

Mgun to putrefy. 

J») Carbonic acid saS exerts powerful ejfects on living^ vfgata- 

\t. — These etfecls, however, vary according to the mwie of its 

tSblication. 

( Water, saturated with this gas, proves highly nutiitive, when ap- 
ilTied to the roots of plants. The carbonic acid is decomposed, its 
C&rbiin formin"' a component part of the vegetable, and its oxygen 
Jeing liberated in a gaseous form. 

* On the contrary, carbonic acid, when a living vegetable is confin- 
ed In the undiluted gas over water, is injurious to tiie health of the 
itant, especially in the shade. The late Mr. Henry, long ago found 
;h&t a certain quantity of fixed air, applied as an atmos^ere, is 
iitvourable to vegetation ; and i\l. Saussure, of Geneva, has deter- 
jfined more recentljr, that the mixture of more than f of carboaic 
itid with common air is always injurious ; but that in this propor- 
jbd it promotes the growth of plants, and is manifestly decomposed. 
''Carbonic acid is susceptible of combination with alkalies, eartlis, 
thA metals, and forms an order of compounds, termed carbonates. 
J& present, however, we shall only attend to the results of its union 
with alkalies, and earths. In the compounds of carbonic acids with 
tbese bases, and especially with the alkalies, the qualities of the 
base still predominate. The alkaline carbonates, for eiample, re- 
Cin the taste, though in a less degree, which characterizes their 
ind change blue vegetable colours to green. Ammonia, also, 
ifeserves in a great measure its odour and volatility. By combina- 
n with the earths, however, carbonic acid produces a more perfeotf 
hfetitnilixatiou of their properties. 



SECTION IV. 

Carbtiiiutes. 

Art. I. — Siib-cavbonale, and Bi-carbonate of Potash. 

(a) Carbonic acid gas is very abundantlij absorbed\bi/ a soluHott o/' ' 
tre potash. — The simplest mode of showing this fact is the fof- 



lE-CARBONATB OF POTASH. 



tnined from crystals of tartar (super tartrate ol potash) calcined in 
nt crucible; then lixiviated witli water ; and evaporated to dryness. 
•Wy t Ids treatment, liie salt yields aboutone third its weiglit of aub- 
nrbonate. Or it may be inixea with about an eighth of purilied nitrate 
jj putanh, and wrapped up in paper in the form of cones, which 
tiiay be placed on an iron dish, and set on fire. The residuary 
tnass ia to be lljiiviated, and evaporated as before directed. Or 
;pt>i'ified nitrate of potash may be mixed with a fourth of its weight 
Ui powdered charcoal, and projected into a red-hot crucible, the 
lOiitents of which are to be poured, when infusion, into an iron dish, 
lliu sub-carbonate, thus obtained, amounts to rather less tlian one half 
he Ditre which has been employed. Even when thus prepared, it 
S apt to contain some impurities, consisting chieHy of a minute pro- 
Niilion of sulphate and muriate df potash, with a little siles, from, 
(hi J> it is extremely difficult entiiely to free it. That which is pro- 
lurt'd from burnt tartar may be made to crystallize, in which state it 
Miilains £0.60 percent, of water. 

(c) In this slate of sub-saturation with carbonic acid, potash gen- 
«a\\y occurs in the arts. The potash and pearlash of commeice, 
tfB, sub-carbotiates of potash, of diftei-cnt decrees of purity. The 
[Uantity of caibonic acid, contained in these alkalies, may be learn* 
id by a very simple experiment. Put one or two hundred gr^ns 
|f the alkali into a Florence tlask, and add a few ounce-measures 
if WAter. Take also a phial filled with dilute sulphuric acid, and 
l]s<\e this, as well as the llask, in one scale. Balance the two, by 
Hitting weights into the opposite scale, and, when the eq^udibrium is 
ittained, pour gradually the acid into the flask of alkali, till an ef- 
ervesence no lunger ensues. When this has ceased, the scale con- 
ainini; the weights will be found to preponderate. This shows that 
tie alkali, by combination widi an acid, loses considerably of its 
reight ; and the exact amountof the loss may be ascertained, by 
idding weights to the scale containing tlie flask and phial, till the 

lalance is restored. 

(jj .\s it is sometimes of importance to know what proportional 

eal alkali a given weight of potash or pearlash contains, it may b 

iroper to point out how ' this information may be acquired. I sh^ 

herefoie, in Part 111. t'hap. 111. of this work , describe at lengf 

he apparatus and process best adapted to this purpose. 

(e) Sub-carbonate of jiotask dissolves very Teaddy in water, wkiM 

' 'le ordinary temperatare, takes up more than its own uieieht^ 

ice, when an alkali, which should consist almost entirely S sob 

trbonate of potash, is adulterated, as very often happens, wifl, 

bstantes of little solubility, the fraud may be detected by tryiid 

m much of one ounce will dissolve in two or three ounce-measurG| 

water. In this way I have detected an adulteration of one third 

) weight of sulphate of potash. X'here are certain substances of 

adysolubility.liowever, which may be used in adulterating pearl- 

hes, as common salt for example ; and, when this is done, we mast 

to the acid test for tlie means of disi 



The strongest solution of this salt that can be obtained bas thsS 
VoL.Ir-H h ■ 
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'specific cravity 1.54, and contains 48,8 per cent, by weight, v 
atoms of o.i'cr to one of salt. 

(/] 8ub-carbonatc of potash, wlicn exposed to the atmi^ 
Bttrnrts so much moisture, as to pass rapidly to a liquid stata 
chnnee is termed deliquescrnce. All the water thus absurbn' 
polled again by a heat of 380°. 

(^) When nubmittpd, ina crucible, to a high temperature, it'fl 
but none nf it^ carbunic acid is expelled. 

Bi-carboiiate of Potiisli. 

Carbonate nf potash, in the state wluch has been alrea< 
fill, is far from being completely ButuraleJ with acid, 
ciently appeai-K from <ts n^r-inu,\j alkaline taste. It unaT'b 
ni'tre nighly >nai^L'il witii carbonic acid, by expuxing a si * 
one pact of ih^ stih-carbonale in three of water to stream 
boflic acid n;aa, in a Nooth's machine, or other apparatus ; 
pri)c'"'7 lo be described in art. 3, g. When a solution of alki 
tlii" irenlnient, is very slowly evaporated, it forms regular 
A.<.<ndin* to Or Wollaston*, the quantity of acid in the 
tH)e i« exucty double that in the sub-carbunate. This he n 
llt^(•rl^;nEias the carbonic acid from each, by a stronger acia, 
the ^olfmnrlc. One part of the bi-carbonate, thus treated,,!^ 
to give twice as much carbonic acid as the subsalt. I 
Ivtt (^btAltied 189 grains of carbonic acid from 5O0 uf t^ 
and as nearly as possible, the same quantity from iOQO 
the salt, reduced by calcination to sub-carbonate. Bers 
that 100 parts of potash are fully saturated by B3.86 c: 
The following Table exhibits the composition of the bt-carb 
Stated by him, and by Ur. Wollaston. One hundred j^rains i( 

Acid. Base. Waleft A 

According to Berard . . . .42.01 | 48.93 1 9.0? 
Or. Wollaston . .43.9 47.1 9.0 

Vauijuclin ... 47. | 46. | 7. 

The atomic constitution, deducihle from these proportions 
at>'uv of potash, two atoms of carbonic acid, and one atom 0" 
'I'he BI-CARBONATE OF POTASH dift'ers fi'om the sub-carbc 
ihc following particulars, 

I. tn the greater mildness of its taste. Though still a 

be applied to the tongue, or taken into the stomachy ^ 
g any of that burning sensation, which is 
jonate. 

unchanged by exposure lo the atmosphere, 
^nmes tlie shape of rea;u!ar crystals. The form of^ 
■ four-sided prism, with dihedral triangiilar summitai t 
^ch correspond with the solid angles of the prism. 




IV. CARBONATK OF SOBA> 

It requires, for soliifion, four times its weight of water at (iO°; 
''aod, while dissolving, absurlis caloric. Builing water disaulves five- 
siKthH of its weiglit ; but, during this solution, the salt is partly de- 
Composed, as is man ires led by the escape of carbonic acid gas. The 
quantity thus separated amouuts, uccordlDi; to BertholJet, to abuut 
^\th the weiehtofsalt. 

3. By calcinaliun in a low red heat, the portion of carbonic 
scid, wnich imparts to this sail its characteristic properties, and 
water, are expelled, and the salt returns to the state of a 3ub-car> 
bonate. 

(k) Bi-carbonate of potash, in all its forms, is decomposed by the 
stronger acids ; as the sulphuric, nitric, and muriatic, which unite 
with the alkali, and set the gas at liberty. 

' This may be shown by pouring, on the carbonate contained in a 
gas bnttle, any of the acids, and collecting the ga.s by a proper ap> 
paratus. 

Akt. 2. — Carbonate of Soda. 

There are two distinct compounds of carbonic acid and soda, the 
^e- containing precisely half as much carbonic acid as the other. 

The firat, or mib-carbonatf,^ is obtaineil by carefully re-crystal I iz- 
ine (-be aoda of commerce. The primitive crystal of this salt is an 
ociohedron, with a rhombic base of 60° and 1£0°, the planes of which 
'Aieet, at the summit, at 104°, and, at the baae, at 76°. This crystal 
varies by becoming cuneiform, and also by the replacement oi the 
S&lid angle of the summits by planes parallel to the base, aStirding 
tb^ decaliedral variety, which is roost common. These crystals have 
'the followino; properties. 

1. Whenlieated to 150° Fahrenheit, they fuse; boil violently, if 
(the heat be raised ; and leave a dry white powder. Whot escapes 
is water only ; and it forms, according to Berard, 63.69 per cent, of 
the weight of the salt; to Kirwan, 6-t; Daltun, 63; and D'Arcet, 
63.6. The crystals, also, lose their water by exposure to the atmos- 
phere, or foresee. 

S. If the fused salt be kept boiling in a retort, Mr. Dalton finds 
that it deposits a hard, small-grained aalt, which contains only 46 
per cent, of water ; the clear liquid has the specific gravity of IS5 ; 
'ftnd, on cooling, concretes into a fragile icy mass. The first com- 

Kund, Mr. Daltun estimates to consist of 1 atom of carbonate and 
of water ; the second of 1 atom of salt and 5 of water ; and the 
third of I atom of salt and 15 of water. 

3. Water at 60° takes up half its weight of the sub-carbonate j 
■nd boiling water dissolves rather more than its own weight. The 
Strongest solution, that can be preserved at the temperature of the 

latmosphere, has the specific gravity 1,26; but even this is liable to 
partial crystallization. 

4. If 100 grains of the salt be slowly added to a (quantity of di- 
luted sulphuric acid, more than sufficient for neutralization, and of 
known weight, the loss of weight will show the quantity of carbonic 



Dr. Ure has lately shown lliat liie innsl cnmp&et and reC4 
c&rboDale of ammuina coiilains waiter, tvlitdi tn-ruini's H|>))tirM 
it U <li)ttillK<l ill miuurc witli diy pulverized «iuicklinie*. T 
ter.he ajiprehends, conslitulesuti esstrntJnl pavlot theilkalTM 
which, in this view of it, ta a hydrate of ammonia: and tlU 
view mtiy be exleiided to the nllier animoniatal salts, The f 
tioiiiiut ihe Hub-carbonutc, ik'duceii liy hiiQ froiti a variety ufe 
mcnts, «i'e 



too. 

Or we may consider the Bub-carUmnle as consi»^liii^ of 54.5 
45.5 hydrate of ammonia. By exposure to Llie :.i,, Ihe pn 
of its elements are constantly changing, and iU ptjwer of k 
acids decreased. 

(g) It is dccumposed by pure potash and pure soda; ani 
sulwiaibonates of those alkalies, which attract its caibunic a 
expel the alkali. Hence it ha^ been recummeniled, by Bert 
to employ this salt fur the full saluratiiin of potash with t ' 
acid, which may be accomplished by the following process. 

To a filtered solution oi tour pounds of pearlaBh in four q' 
water, add one pound of caibonaie of ammonia, leduced to pi 
and stir the mixture at intervals, till the carbonate of amntoiiS 
tirely dissolved. Filter the li(|uur, and put it ii 
may be set in a samlbalh, and be connected with a receiver. 
spnlle heat is to be applied ; so as la dihtil off about halfa 
the liquor, which will consist of a solution of carbonate 
in water. The liquor in the retort may either be allowi 
it, or be transferred into a flat evaporating dii^h df Wei 
ware. When cold, crystals of the bi-carbonate of potJtKh 
bably be formed ; otherwise another portion must be distilli 
this must be repeated till the crystals appear ; separate llie ft 
tnl> that are formed ; and, on repeating the distillation and 
/re»li sets will appear in succession. A considerable purtio 
flolution. however, will refuse to crystallize. This may be H 
», and applied to the purposes of subn^arbi'iiate of p ' 
B of carbonate of potash may t>e washed v '" 



ind dried « 



1 blotting pi 
dissolved i 



, if tliey a 
. cold water, and r 






tpS Ute gentlest neat possible in evaporating the solol 



lAL OARBOHATB Or Bl-CABBONATe, 

UtUet, by impregnating a solution of sub-carbunafl 
^^^~ According to his experiments, it is corapi 

• ThflDiaon's Annals, s. 206i 



The bi-carbunnte of ammDniii m»y nlso Ix; fi^rmed by exposing 
tvilered sub-c:irbuiiattt wllh ii hri:;er anil Frequently reiietvuii sur- 
e to the air, fill it entirely lusea its smell. In this state it is cora- 
^sed, according to Dr. Ure, ol' 



CARBOM&TKl. 



I'lO. 335 139.2 

From the known specific gravity of those two bodies. Gay Lussac 
has calcula'fd that tht neutral carbinate consists of esactly equal 
quantities by mi-nsure of the two ffase.i, while the sub-carbonate is 
ioin posed of two volumes uf alkaline gas to one of carbonic acid 



C arbor 
Amnio 
Walef 






54.5 



83.75' 



The aub-carbonate, by thi^ treatment, has its saturatin"; power so 
mitcli ilimini»theil, that 100 grains no longer neutralize 38 of concen- 
trated sulphuric acid, but only 6C. It may be doubted, however, 
[([liether, when thm obtaiiieil, it is nut a mtatm'e of sub-carbonate and 
IU-c|L;ioflat'-, ^Ince thi- :i'.'.id and alkali are not in the proportions to 
»ch other, which are ^i\iii\ in the analysis uf Berthollet. 



Art. 4.~-Carbvnate of Bart/tes. 

Pure barytes has a very powerful affinity for carbonic acid. 
Let a solution of pure barytes be exposed to the atiniisphere. 
U will soon be covei til with a thin white pellicle ; which when bro- 
ken, will fall to thu tiiiltiim of the vessel, and be succeeded by ano- 
ither. This may be continued, till the whole of the barytes is sepa- 
rated. The eftect arises from the absorption of carbonic acid, which 
Is always diffused tiirougli the atmosphere, and which forms with ba- 
rytes a sEibstance, vix, carbonate of barytes, much less soluble than 
Vie poee eai-tli. 

,S. filuw theair from the lungs, by means of a quill, a tobacco-pipe, 
Qr ghiss tube, through a ^Dlulioii of barytes. The solution wdl ira- 
laediately become milkv, for the same reason as before, 

3. With a solution of |jure barytes, mingle a little water, impreg- 
l^ted with carbonic acid. An immediate precipitation of carbonate 
of barytes will ensue. 

4, Barytes has so strong an affinity fur carbonic acid, as even to 
take it from other bodies. To a solution of a small portion of car- 



wwdercd, and passed tlirough a line sieve. Work it up with about 

II equal bulk of wheaten fluur into a ball, adding a sufficient quan- 

""Y of water. Fill a crucible of proper size, about one third Us 

Iglit, with powdered charcoal ; place the ball on this ; and sur- 

lind and cover it with the same powder, so as to prevent its com- 

5 into contact with the sides of the crucible. Lute on a cover; 

1 expose it, for two hours, to the must violent heat that can be 

MBe<l in a wind furnace. Let the ball be removed when cold. On 

iheaddition of water it will evolve great heat, as already desciibed 

fehap. viii.). and t)ie barytes will be dissolved. The filtered sol u- 

%ffB, on Dooling, will shoot iuto beautiful crystals. 

I & Carbon.ite of baryten is decomposed by the sulphuric, nitric, 

iriatic, and various other acids, which detach the carbonic acid, 

1 combine with the earth. 

Art. 5. — Carbonate of Strantites, 
1 TThe relation of stroutites to carbonic acid resembles, verycloselfl 
Bu of barytes ; and all the esperiments, directed to be made wim 
mi Bolution of the latter earth, may be repeated with that of stroa- 
Bfi^i which will exhibit similar appearances. 

I 'The carbonate of strontites requires for solution 1536 parts of boil- 
^ water. It is found native, but containing a little 'cabonate of 
me, at Strontian in Argylesliire ; and may, also, be prepared by ar- 
ineial processes, which will be afterwards described. From this 
tfrtfonate pure istrontttes may be prepared, by treating it in the aai^ 
^tiner as was directed for the calcination of carbonate of baryteaTJ 
i The artificial carbonate, according to Stromeyer*, does not esaeij^ 
fitf Cjontain any water. It consists of ^ 

• Strontites 70.313 or 100 

Carbonic acid 29.687 . . 42.82 



Abt, 6, — Carbonate of Lime. 
file has a strong attraction far caTboiuc acid, but not w 
^__jcfly dry. 

(a) If a piece of dry quicklime be paiised into a jar of c 
,_icid gas over mercury, no absorption ensues. But invert a bottii 
^lled with carbonic acid gas, over a mixture of lime and water 4 
ftthe consistence of cream, and a rapid absorption will be obser 
^especially if the bottle be ai^itated. 

I (6) Let a jar or bottle, filled with carbonic acid, be brought o 
la vessel of lime water. On agitating the vessel, a rapid dJminulii 
f will ensue, and the lime water will become milky. ^ 

I (c) Leave a shallow vessel of lime water exposed to the air. A * 
I white crust will form on the surface, and this if broken, will fall to 
I'tiia bottom, and be succeeded by another. This is owin« to the ab-- 
I sorption of carbonic acid gas from the air by the lime, which is litu 
1 rendered insoluble in water. 



Vpt, If— I i 



* Ann. de Chim. et Phjs, 
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tms Olitte are satui'atpd liy 50 meftsureg of o!tygeii, am! glr 
cart)ontc acid ; and I lie se last pro port iim a are coincidtiiit, a! 
witli tiie theorj and experience of Gay Lussac. 

"^ •■ ■ - !xpaoued by eleclric shocka, nor does it n^ 



(/,) It i 

mdergo ai 



undergo any clian»e by electrixafion. 

(i) When the carbou'ous oxide, mingled with an cijual btitf 
dr«i;cn gas, is passed through an igmied tube, tlie tube bee^ 
neanith charcoal. In this temperature, the hydrogen attractsJI 
more strongly than it is retained by the charcoal, and fnnns »i 

It was found, also, by Gav Lussac to be decomposed by tf^ 
of potassium, which combines with the oxygen and precipitate 
coal. 

Accordino; to Mr. Cruickthank, it contains per cent. \ 
oxygen, and 30 cai-bon by weight ; or the former is to the Iate§ 
to 8.6, or as 21 to 9. Gay Lussac, however, makes it to ( 
43 charcoal and 57* oxvgen ; BeraeUui^ of 44. S8 charcoal a^ 
oxygen, proportions wfiich agree, williin a small fraction, Wt^ 
of Clenient and Desormes. It contains, therefore, just halFn 
gen that e.iists in carbonic acid ; and it is constituted of one ll 
charcoal and one atom of oxygen, and weighs, according toMn 
fam. r + 5.4 r=l9.4,or, by the corrected nuinbers,7.5 +5.8 -^ 



it^kationof Carbon wkk ffydrogen. forming Carbvrett^ 
drogen Ctbs, or lli/dro-Carburet, 
r^ combination there appear, on first view.tobe s 
lii;^, consisting of carbon and hydrogen, unite! 
Ill*, and obtained by dilFerent processes. 
r. the vapour of water is brought into contact w 
Ml^hy means of an apparatus similar to tliat repre 
lerent productN are obtained. The oxygen of the-M 
m carbon, constitutes carbonous oxide and carbod 
iTD^n of the water dissolving, at the luoment-l 
rtion of charcoal composes carbureted hydro 
i acid may be separated from the hydro-ca 
h which has been produced, in contact with I in 
^ther, so as to be of the consistence of cream 
^j, with a stick, the mud that is deposited at tl 
i.or Btavnant pools, bubbles of gas ascend to tl 
Jrbe collected in an inverted bottle of water, 1 
„(Dh a funnel, also inverted, is Cited, 
htultmitting coal to distillation, in an iron or coateij 
pi^ (juantity of gas, besides a portion of tar, is proc 
[ma; be received in an intermediate vessel; and tl _^_ 

~^-^'i Jaiimal, xi- 68, 1 have slated my reasons for beiievliiE that 
H |rat« bydro-cicixiret. 



IpCT. VI. 

must be well waihed wUli lime lUjUor. The first product only is to 
s.resei'veil as a specimen ul' cuulgas; fur, as the distilUtiun pro- 
setls, iw ilensity become gradiiairy less; till, at length, tlie gas, 
Jlich is pi'ttduceu at tlic cluije of the uperation, is onlj about half as 
lnvy OS tliat evolved at lirst. The (luaiititj" of eas. also, which is 
rofJuccil from agiven weiglit ofcnal, is so variahle from diRcrenC 
[nils of this mineral, ami is so much influenced by tlie degree of 
iai employed in its productioit, that it is scarcely possible to state 
by general averaj;e. From 120 pounds avoirdujjoisof the sort of 
till called WigaiL CuHJjer/, about S40 cubic feet of gas maybe oblain- 
L of tvhich half a cubic foot }ier huur is equal to a mnuld candle uf 
I to the pound, burning during (he same space of time. 
A., Leta porcelain tube, coated with clay, be fixed horizontally in 
fiiruace, in the uiarmer represented, fig. 40. 'I'o one end let a re- 
;be luled, cufitaining an ounce or two of ether or alcohol; and, to 
other, a bent tube, which terminates under the shelf of the pueu- 
ic trougli. A gas will be disengaged, on igniting the tube, and 
iBinittiitg, through it, the alcohor or ethei' in vapour, which, 
.leu wasliedwith fime-liquor, is the carbureted hydrogen. 
'S' A fiftli mode of obtaining hydro-carburet, discovered by the 
tftfih chemists', consists in distilling, in a glass retort, with u gcn- 
j'!iieat,threc measures of concentrated sulphuric acid, and one mea- 
re of alcohol. The mixture assumes a black colour and thick con- 
Stence; and bubbles of gas are disengaged, which may be collected 
«r water. For reasons which will be stated when we come to 
leak of chlorine, tliia gaJ4,has been named the olejlant gas. 

'1. These dilferent gases vary considerably, in density of 
iific gravity. Atmuspheric air being 1000, the specific gravity of 
» from inuiatened charcoal is 480 ; from ether or alcohol 5£U i 
im pit-coal between 300 and 730, Recording to fJie period of t 
itillatioo, at which it is collected, the early products being alwa^ 
g heaviest. Gas from stagnant tvater, according to Mr. OaltuBA 
'of the specific gravity 600, and hence 100 cubic inches must weig' 
\s ; but Dr. Thomson fixes its specific gravity at 555, which w 
ve only 16.93 grains for 100 cubic incnes. The specific gravitl 
>olejiant gas is stated by the Dutch chemists, its discoverers, at 9os 
l-Dalton and Henry at 9C7 or 950, by Saussure at 978.4, by Di 
liomson at 974 ; and by Gay Lussac, from calculation, at 97^ 
■am the last number, the weight of 100 cubic inches at 60° Fahr^ 
, and SO inches barometer, may be deduced to be 39.73 grains^ ^ 
B, These gases differ as to the quantity, which water is capattlt 
';^orbiog ; for of the oleliant gas it takes up 1th of its bulk ; (^ 
13 from stagnant water f\; and of the others still le 
3. The varieties of carbureted hydrogen gas all agree in being ii>f 
ammable ; but they possess this property in various degrees, as iit 
Vinced by the variable brightness of the flame, which they yield 
^hen set on fire; and by the ditterent temperatures at whicli they 
^pa to burn. Light carbureted hydrogen, or lire<damp, requires 

* NichoJsun's Jouvnjil, 4to. i. 41 



a moch stroiij^er heut t» excite Its combustion than «\& 
They ina^ l>c inilamed as tliey (woceed from the uriBce i» 
jiijn'. or trcm between two concuiilric eytinilera of slieet-iron fl 
[lef, placed at the distance of a small fraction of an inch froM 
othei. On tliid principle, nii Argaiid's lamp may be cnnatrjl 
for luniing the gases, which vill issue from that space, c< 
occupied by tlie wick. 

V> htn burned in cillier of these ranrUtt, there is a manifertg 
(i<i;i in, the dt^nsity and brightness of the flame, corresponding it 
qu;inliiy6f solid charcoal which is first dcpiisited, tind nfteri 
l;ui'ned. Thegasfi-om charcoal burns wi(h a faint blue 11^^ 
builed to Ihv pui-puse of illumination ; that fi-om ether or alci 
iniyre Urilliiincy ; but still short of that witli which tlie coal g . 
nbtiii recently preiiared ; and tlie first product of gas from ■ 
i(Ufttilily of cuul, aiturds at least twice as much light, as an eq 
luiliu ol the lasi portions. The ulofiant ^aa surpasRea them alC 
ijutinlity of light evolved by its combustion. It CDulinuca total 
air, [he density of which is diminished 10 or 1 1 times, where 
from »iagnant water aOiirds a Hame, which is extin^ished in 
refied iiiurc than one fourth. Another important distinction b 
the several kinds of carbureted hydrogen is derived from th* 
of luising each of them with chlorine, which will be d"""--"" 
chapter un that substance. 

If these gases be burned in a vessel of oxygen gas over limftr 
by means of a bbddi^r and bent brass pipe (pi. iv. fig.4l), ty 
'l^ict jwoducts are obtained, vtx. water and carbonic acid. ^ 
water is produced, may be shown by burning a very small atr 
uiispas, under a lung funnel-shaped lube open at both c 
rurrdiirliii. i)f caibouie acid is evinced, by the copious pr 
.1. . ..,iler in the foregoing experiment. 

■ i.iiiun of each of the above gases is learned by fi. 
; i;d, tube over mercury, with a known quantity g 
: iL . .iiui observing the nature and quantity of the p— 

lucts are carbonic acid and water. The foi 

1 bul the water is generated in such s 
only be computed. The following table a 
experiments of this kind. 

Me»sure9 of Oxyg'en 

3- G»srequiredto satu- Carbonii 

nttc lUO Measures. product 

,^ ijas 51) to 54 . . . .■ — 

eliarcoal Go 35 

coal lyo 97,3 . 

'gtagniint watr-j* . . . 2U(i .... 

;as 300 ... . 

.0tice,for the formation of each measure of carboni&acid 
*)Fegolng experiments, an equal volume of oxygen ^a ^ 
Ljf^way learn by ded'icting the number in the third clfc,^ 
piinrrvKponding one in the second, what proportion of oxyli 



has been spent in Hie aaturation of the iiydrogen of each variefy of 
hyilro-caiburet. Thus for example, in burning the gas from stagnant 
water, 100 measures of osygen have been employed in forming car- 
bonic acid ; and tlie remaining 10(1 in saturating hydrt^n. But IIXI 
measures of oxygen are suflicient tu saturate 200 of hydrogen gas ; 
and a quantity ofhydrogcn must therefore be containea in 100 mea- 
sures of gas from stagnant water' ; which, expanded to its usual elas- 
ticity, would occupy 300 measures. 

From these data, it is easy to deduce the composition of this vari- 
ety of carbureted hydrogen ; for if its specific jjravity be 0.6, 

lO&cubic inches must weigh ..,- 13.3 

*rbe 100 cubic inches of carbonic acid produced vpeigh 47 > -, „ 
grainii, and contain of charcoal --------J 



Fence the hydrogen, in 100 cubic inches, weighs - - - - 
Or lOO'grains of gas fiom stagnant water are composed of 

Carbon - - - - 72 
Hydrogen - - - 38 



These results accord best with the opinion that this gas, whicli 
^y be called simply carbureted hydrogen, is constituted of one 
ttoni of charcoal and two atoms of hydrogen. 

•' ' Olefiant gas, per-carbureted ki/drogen, or bi-carbuTeted kydrogfn, 
Ibyestigatea in precisely the same manner, is composed, in 100 






According to Dr. Thomson', of 



Carbon. 

- 85 - - 

- 86 - - 



Hydrogen. 

- 15 

- 14 



It consists, therefore, according tu Mr. Dalton, of oneatomof car- 

m and one atom of hydrogen. This would maJce the weight of an 

torn of charcoal 5.66 ; for 85 is to 15, as 5.66 to 1 ; a result which 

mncides, us neaj-ly as can be expected, with the weig;ht of the atom 

tf charcoal, already deduced from the composition ot carbonic acid, 

. 5.65. 

The only distinct and well characterized species of carbureted 

ydrogen appear to me to be olefiant gas, or per-carbureted hydrogen; 

nd the gas from stagnant water, called simply carbureted hydrogen, 

which the epithet light is prefixed by some chemists, on account 

its inferior specific gravity. Of these, with occasionally a portioa 

carbonic oxide, and other in H am m able gases, the other varieties 

ppeartabe mixtures. The coal gas, for example, which is now so 

inerally ased for the purpose of afl'ordiog light, I haveshownt lobe 

mixture of at least hve others, the proportion of which varies at 

ry successive stage of the (li«Clllatlon of coal. It has been con- 

• 37 Phil. Jifag. JeO. t Phil, Trans. 1906. 



IlISKO-CASllVStit'fi 

tended, indeed, by Berllioilet, Murray, and oilier pliUaa 
carbon and Iiydmgen are capable of uniting in a variety «f f. 
Ui>it», not nnl^ witli eacli otlif r, tiiiL with nxygcn. But thero^ 
renaun to t>eheve, from a careful exiimi ration of all the bestiit 
ini.-nts UD tiiese com)iounds, tliat liydroueti and i:arban uaite fi 
ttt'U definite proportions, and that these proporlioiis a 
than those cnnntituting carbureted and jiir-carburHed I 
gases, viz. in tlie former one atom of charcoal tu two atiHi 
gen, and in tl)u latter an alum of each ut* thu&o combustible b 



On the Fire Dump of Coal Minpf, nnd thr. Construction a 
eipte of the liiiJ'etii-Lamp of Sir it, liitvif. 

The fire-damp of coal mines, byanajialysia of it wliichl p 
in 1806, tvaa lihuwn to be itleulical in composition with lighM 
reted hj-rtrogen'. This conclusion coincides with tiie suH^ 
rcHuIts of Sir H.Davy, who has entailed our knowledge oftlU 
micalllistorrof the lire-damp, by several important factst. TJm 
rsadily explosive mixture of fire-damp with common air lie ftf 
be one measure of the •ps to seven or eight of air. Tliia r 
was not set on fire by cfiarcoal in a statt: of active conibustu 
by iron ignited to a red or even to a white heat, except wh^ 
Btate of brilliant combustion ; in which respects, the fire-daiD||^ 
from otlier combustible gases. 

It waa in attempting to measure the expansion, i 
connbustion of a mixture of fire-itampand air, tliat Sir H. Ovu 
covered a fact, which afterwards leu him to the most novel i| 
partant results. An explosive mixture could nut, he usceiil 
be kindled in a gla^s tube bo narrow as f of un inch diamet^^ 
when two sejiarate reservoirs of an explosive mixture were caj 
ed by a metallic tube, f of an inch diameter and 1} inch ioj 
anil one of the portions of gas was set on fire, the explusion>fl 
eUead to the other. Fine wire sieves or wire gauze, iuterpCf 
twecn two separute ((uantitics of an explosive mixture, w<~ 
found to prevent the combustion of one purtion from Hprm 
the other- A mixture of fire-damp and air in explosive prop 
was deprived of its power of exploding by the addition ul abo| 
bulk of^cai'bonic acid or nitrogen gas. i 

RellectioD «n tliese facts suggested to Sir H. Davy the poan 
, of constructing a Ump;^ in which tlie Kame, by being supplie 
only a limited quantity of air, might produce carbonic acid< 



«r((gei 



in such protxii'tioD as to destroy the combustibility of 4 
lixturea ; anil which mi^ht, also, by the nature ol its apeti 
■--- ' ■■■ nee and exit to the air, be rendered inc^tpolt' 

kolaon's Journal, sli. 149, f I'liil, Triuia T],^ 

11 hAstoij uf tUe itafcly Lamp, and of ilie cliemicuJ researolifV 
'^tti'hu hncly been published by Sir H. Davy, Syo. printc4f ~ 




VI. FIBE-DAUT' OF 

fapreailing combustion to the surrounding atmosphere, suppesing this 
' m inflammable one. 

s most desirable object was accomplished by tlie use of air- 
■light lanterns, supplied with air thrau^h tubes or canaU of small di- 
»nieter, or through apertures covered with wire gauze below the flame, 
fcndhavin" a chimney at the Upper part on a similar system, for carry- 
ing ofT the toul air. The apparalus was afterwards simplified, by cover- 
In^ or surrounding the flume of a lamp or candle with a cylindrical 
"vire sieve, having at least 625 apertures in a sijuare inch. Within 
.his cylinder, when the fire-damp encompassing it is to the air ae 1 
Xo IS, the flame of the wick is seen surrounded by the feeble blue 
''flame of the gas. Wlien tlie proportion is as 1 to 5, 6, or 7, the cy- 
linder is filled with tlie flame of the fire-damp ; but though the wire 
eauze becomes red-hot, the eiterior air, even when explosive, is not 
Jtindled. The lamp is therefore safe in the most dangerous atmos- 
pheres, and has been used most extensively in the mines of White- 
baven. New-castle, and other places, without the occurrence of a 
linffle failure or accident. 

The eflect of the safety-lamp depends on the cooling agency of 
tive wire gauze, exerted on the portion of gas burning within tlie cy- 
linder. Hence a lamp may be secure where tliere is no current of 
itn explosive mixture to occasion its being strongly heated ; and yet 
not safe, when the current passes througii it with great rapidity. 
But any atmosphere, however explosive, may be rendered harmless^ 
;by increasing the cooling surface ; which may be done, either by di- 
iininiahine the size of the apertures, or by increasing their depth, 
both of which .ire perfectly within the power of the manufacturer of 
tiie wire gauze. 

When a small coil of platinum wire is hung above the wick of the 
lamp within the wire gauze cylinder, the metal continues to glow, 
long after the lamp is cKtinguished, and affords light enou^ to 
guide the miner in what would otherwise be impenetrable darkness. 
In this cose, the combustion of the fire damp is continued so slowly, 
knd at so low a temperature, as not to be adequate to tliat ignition of 
gaseous matter which constitutes flame, thou|^ it excites a tempera* 
ture sufficient to render platinum wire luminous. A similar ignition 
'of platinum wire, it has lately been found, may be supported for 
many hours, by surrounding the flame of a spirit lamp with small 
coils of that metal, not exceeding -,^ of an inch in diameter. 
Twelve coils of this wire, twisted apirallj round the tube of a tobac- 
co pipe, or round any thing that will render the coils about Vo "f an 
incn in diameter, are to surround, ais the wick of the lamp, and sir 
to remain elevated above the wick. The wick should be small, and 
' quite loose in th6 burner of the lamp ; and the fibres of the cotton, 
ifturroundetl by the coil, should he laid as strait as possible. When 
'the lump, after being lighted for a few moments, is blown out, the 
' lum wire continues to glow f.ir several hours, as long as there 
sUpply of spirit of wine, and U> give light enough to read bv ; 
uid t;ometimea the heat produced is sufficient to rti-kiadLe the lamp 
Spontaneously*. 

* Thomson's Ann^s, vol. xi. 



OAilBimsr or KiTboeitit or cvamdsen. 

SECTION VII. 

Carburet of Nitrogen, or Cyanogen. 
To obtain cyanogen, it is necessary first to prepare a pure 
ale of mercury, by boiling liue powdered red oxide of mercnr 
twice ita weight of pruBsian blue and a sufficient cjuanlity.of^Al 
The compound is perfectly neutral, and crystal izea in longfour-sid 
prisms truncated obliquely. It still, however, contains a Utile iront 
which may be separated by digesting the liquor, before evaporatioQ, 
with a little more of the oxide of mercury, and saturating the exce«C 
ofthis oxide with a little prusaicacid (see vol, ii.), or even with alli- 
tie muriatic acid. The prussiate of mercury, thus obtained, must be 
completely dried at a temperature below that of boiling water, and 
then exposed to heat in a small retort, or in a tube closed at one ex- 
tremity. It first blackens, then liquifies, and the cyanogen cornea 
over in the form of a gas, which may be collected over mercury. In 
till' retort there remains a charry matter of the colour of soot, and ks 
light as lamp black^ 

1. Cyanogen is a true gas, or permanently elastic fluid, its 6meU 
is strong and penetrating. It burns with a bluish flame mixed witi 
purple. Its Hpecific gravity is to that ofcommon air as 1.80(>4 t» I. 
Hence 100 cubic inches at 60" Fahr. weigh 55 grains. 

2. Water at the temperature of 60° Fahr. absorbs almost 4} timeB 
itfl volume, and pure alcohol S3 times its volume. 

3. When lOO measures of cyanogen are detonated, in a Volfa's 
eudiometer, with 250 measures of oxygen gas, 200 measures of cai> 
boiiic acid result ; and 100 measures of nitrogen. There remain, ijso, 
90 mcasui-es of oxygen gas uncondensed. From these data, it is cal- 
culated by Gay Lussac, that cyanogen is composed of two volumM 
of the vapour of charcoal and one volume of nitrogen, condensed.iDtd 
A single volume. Its density ought, therefore, to be l.SQI 1, a anm- 
b«r not very remote from that obtained by experiment. 

' 4. Analysis by more complicated methods ailbrded the same re- 
sult, evincing that cyanogen yields by a decomposition eifected by 
nieaus of oxygen, twice its volume of carbonic acid and an equal to* 
hfoae uf nitrogen. No wafer whatsoever is formed during ita com- 
miStioD, if the gas be perfectly free from prussic acid vapour, a Buffi- 
Cientjni'oof of the absence of hydrogen from its composition. 

5. The solutions of pure alkalies and alkaline earths absorb cyano- 
tl^f and the liquid obtained, when poured into a solution of blac)t 
-•xide of iron, alfords prus^sian blue, but not witliout the addition of 
to acid. At the same time, carbonic acid gas escapes iu volume equj- 
^ent to the cyanogen absorbed, and there is a perceptible smell of 
iri: acid. These changes will be more evident from the follow- 
Kcapttuktion: 

2vot.char-'J decomposes f = 1 vol, oxygen 
coal and I vol. y 1 atom of < and 2 vol, hy> 
nitrogen. J water (_ dragen. 

de Chim. Vol. xcv.; ur Thomson's Annuls, viii 



One volume of charcoal, uniting with one volume of oxygen, rormg 
)ne volume of carbonic acid ; the remaining volume of charcoal, uni- 
ting with half a volume of nitrogen and half a volume of hydrogen, 
composes prussic acid; and the residuary half volume of nitrogen 
^d I j volume of hydrogen compose toMther one volume of ammonia. 
■ 6, It will afterwards Se shown, (hat when to tTi-o volumes of charcoal 
ttid one volume of nitrogen, together constituting cyaD0<ren, one vo- 
Dine of hydrogen is joined, and the whole condensed mto two vo> 
umea, we obtain prussic acid. Cyanogen aOTees then with chlorine 
tod iodine, in being acidifiable by union with hydrogen. Hence its 
Compounds with metallic bases have been called by Gay Liiaaac cya- 
litres, as those of chlorine are called chlorures; but hoving else- 
where expressed n preference for the nameof cA/ori<(es, I shall, from 
Loalogy, give to the conipounds of cyanogen the name o{ cyanides,-^ 



CHAPTER XII. 



'BULPHUB. — SULPHL'l 



ES. BINARV COMPOUNDS I 



II. Sulphuc 



In describing sulphur and its compounds, I shall take tliem in the 
following order: 

R in its uncombined state. 

nited with its fuU proportion of oxygen, constituting 
lin.FHt;Hic acid; and the compounds of this acid with alkalies and 
earths, termed sulphates. 

III. Sulphur united with a less proportion of oxygen, composing 
tULPBUBotis acid; and the compounds of this acid, called sulphites. 
tt appears, also, from recent experiments, that there is a third acid, 

t!onstituted of sulphur with a still less proportion of oxygen. This 
ftcid is at present known only in combination. It is called svpo- 

lULPHUROUS or F ER-SV LP H URDUS ACIO. 

IV. The compounds of sulphur with alkalies and earths, termed 

If PL BURETS. 

V. The combination of sulphurandhydrogen, named bulphuret- 
:d hydrogen; and the compounds, which it forms with alkaline 

bnd earthy bases, called bydro-sulphurets. 

The compound of sulphureted hydrt^en with a still farther 
Quantity of sulphur, composing bcper-sulphureted hydbogbn; 
ind its compounds with different bases called hydrogi 
i, or sometimes suLPHtiRBTED-HYDRo-suLPniiRETS. 



I. The sulphur, which occurs as an article of commerce, is a ir._ 
neral production, and is brought to this country chiefly from Sicily. 



'betiveen tlic two bndies, arid sulphurized alcohol will pas§ into tlic 
ti'cciver. On [touriiia tliis preparation into water,, the sulphur will 
Im jtj'iicipitali'il. 

f VI. Thougii it had alreaily been suspected (chiefly from the cspe- 
riiiients iif M, IlfrlholiLT, jun. ilesciibea in sect. 6, art. 4, of this chap- 
ter) tlmt sulphur conlitins hydrogun, yet the first unequivocal ev i- 
iuiceut'the fact was furnished by Sir H.Davy. A beat glasatube, 
kavint; a. platinum wire her4netical1y sealed intu its upper extfemity, 
ivas filled with sulphur. The sulphur was uielted by heat; and s 
tropereonoectioii [lein^made iviltithe VoUnio apparatus ol 500 dou- 
lie plates, eat h six iiii:[jes square and highly charged, a must intense 
icdun took place. A ver^ brilliant light uas emitted; the sulphur 
titan entered into cbullilion ; elastic matter was evolved in great 
[aaiitUies ; and the sulphur, frnin being of a pure yellow, became of 
tilark reddish brown tint. The gas was found to be sulpbureted 
Vftiro^en, or hydrogen gas holding sulphur in solution; and its 

■uantity, in abuu t two hours, was more tlmn fiva times the volume of 
le sulphur employed. 

_ Anotlier proof «f the presence of hyd.'Ogen in sulphur is derived 

nm tile action of potassium ; for these two bodies combine with 
;reat energy, and evolve sulphureted hydrogen, with intense heat 
tsnd light. 

- Lastly, when dry sulphur is burned in dry.oxygen gas. Sir H. 
?Davy is of opiniun that, besides sulphuric acii I, a portion of water is 
.talsQ formed ; but he is still ilutibtful wliellier the hydrogen in ^ul- 
jjitiar can be considered as any thinj; more than an accidental ingre- 
dient. This view of the subject is embraced, also, by Berzelius', 
who found, by heating sulphur with oxide of lead, that the quantity 
a( water |)rouuced is much too minute to indicate any definite pro- 
poilion ot hydrogen in sulphur. 
*- Aaotlier ingredient of suiphur.'it appeared probable from the ex- 

neriinents of Sir H. Davy, is oxygen. Kor potassium, after being 
Riadetoacton sulphureted hydrogen gas, evolved less hydrogen from 
water, than it ought to haie done- It has since, however, been proved 
by Gay Lusaact, that when all sources of fallacy are avoided, a given 
weight of potassium, which has been exposed to sulphuretetl hydro- 
gen, separates exactly the same volume of liydrogen gas fi oni water, 
■a an equal wei:;hl. of recent metal. Potassium, therefore, acquires 
no oxygen from the sulphur, which is contained in sulphureted liy- 
-"roeen. 

VII. Sulphur is inflammable, and appears susceptible of two dia- 

inct combustions, which take place at dillerent temperatures^. At 
. 40" or 150" Fahteuheit, it begins sensibly to attract oxj^gen ; and U* 
the tempei-^ktui-e be raised to 1 80° or 1 90°, the combination becomes 
>pretty rapid, accompanied by a faint blue light. But the heat evolved 
4H scarcely sensible ; at least U ts so witak, that the sulphur may 

•79 Ann. dc Cliim. 119. 

I For ail account ol'tlie otidcs of sulphur 

idsan'B JouiiuU, vi. 101. 



thus Ik burned out of gunpowder, atiO tin- pnwder be i 
tcBs without iuflaming it. At a tempernture of .lllil', it 
thougli still feeble compared with (hat of some other bo 
more active, and acuompanied with a redder llsrht. When set 
fire in oxygen gas, it burns with a very beautiful and brilliant light; 
IXit of a given ouantity of oiygen gas, it is not^HWsiblc to conilenae 
the whole by this coinbustion, for reasons winch hereafter wilt b»' 
stated. The product of these combustions, wlien exiimined, willbb- 
found to be sulphumus and sulphuric acid, but chietlj the former, 
and if water be carefully excluilud, sulphurous acid only is fornietli. 
It is necessary, therefore, iu oi*der to produce stilpliurtc acid to make: 
the experiment over walci-. 



SECTION II. 

Sulphuric .'kid. 

The pJo[jeitie8 of this acid must be exhibited by a portion of that 
usually found in the shop^. They are as follows : 

(a) Sulphuric acid has a thick and oily consistence ; as may be 
seen by pouring it from one vessel into another. 

(b) In a pure state, it is perfectly limpid and colourless. 

{<•) When mixed suddenly witli water, consideruble lieat is pni* 
ttuced. Four parts, by weignt, of concentrated sulphuric acid, and 
one of water, when niised together, each at the temperature of 50' 
Fahrenheit, have their temperature raised to 300°. 

When an ounce of water has been suddenly ntiiied with three of sul- 
phuric acid, and the mixture been auflfered to cool to the tempera*' 
tureoftheatmoi^phere, an additional half oz. of water raises it to 6ti%' 
a second to 96°, and a third to 104°''. The greatest elevation of 
temperature, Dr. Ure finds to be occasioned by the sudden mixture 
of 73 parts by weight of strong sulphuric acid with 2? of water. 
This rise of temperature takes place, because the affinity or capa- 
Ct^ of the compound of sulphuric acid and water for catiiHc, ia len 
"^ m that of the acid and water separately. A diminution of bulk 
ensues ; that is, one measure of aciif and one of water do not 
tpy the space of two measures, but about f^ih less ; and tha 
mdensation results, when those proportions arc ami, 
the greatest increase of temperature. Owing to the heat 
y its admixture with water, the dilution for ordinary pu^ 
d be conducted very~gradually ; and the acid should b« 
■ water by small portions at once, allowing each portion 
~~8h addition is made. On the principle of its 
T is to be explained, also, the rapid increase (^ 
t acid rei^uires when exposed to air. In one djy 
'ihuric acid, exposed to the atmosphere, aroincti ~ 

' I Philips on the LonJon Pharmac. p. 24. 



SULPHUAIO set 

ed in weight one part ; anil one ounce, b; twelve months* exposure, 
has been found to gaio an addition of 6j. 

(d) Perfectlj pure sulphuric ucid rcmuina quite limpid during di- 
iution. The sulphuric acid, however, cominonljr found in the shops, 
nnder the name of oil of vitriol, on adnnxture with water, deposits a 
white powder, iu con si clerable quantity, consistingof various impuri- 
ties, but chieflj ofauljihate of lead. Bcrzcliushas found, aUo, a mi- 
nute quantity of titanium in sulphuric acid of English manufacture, 
and tellurium in acid ' prepared at Stockholm*. By evaporating 
sulphuric acid of commerce in a platinum dish. Dr. Ure has obtain- 
etlfrom one half to three quarters of a grain in 100 of solid matter, 
consisting of about two parts of sulphate of potash and one of sul- 
phate of leadt. 

. (p) Sillphuric acid is nearly twice as heavy as water. The speci- 
^^Tc gravity of the strongest pure acid that can be obtained, is 1,850; 
tut even this contains 19 (according to Dr. Wollaston, 18.44) per 
sent, of water, which appears essential to its constitution, and can on- 
[j be separated by combming the acid with a base. Dr. Ure states that 
jenuine commercial acid sliould not esceed 1.8435. When denser, 
Es purity may be suspected. It has been ascertained by Mr. Dalton, 
Biat acid, of nearly the maximum strength, has its specific gravity ve- 

B' little altered, by adding or subtracting small portions of water, 
hus acids containing 81 and 80 per cent-ofacid, do not differ more 
n the third place of decimals; nor is the specific gravity pro- 
tortiooally changed by dilution till it falls as low as 1.78. The 
strength of the more concentrated acid may be better ascertained, 
ly. observing how much water is required, to bring it down to the 
ipecific gravity 1.78. The boiling point, also, Mr. Dalton has dis- 
tovered, is a much better test of its strength ; and he has construe- . i 
ii the following useful Table, in which account Is taken of all tlieg 
jfcumstances. 



StTLPHUHtO ACtD. 

(PI. viii fig, 62, 63.) Tlie retort must be coafed with clay and sand 
over its whole body, and aUo over that part of tlie neck which ia m^ 
posed to the fire. It is then to he placed, the coaling being jre- 
viously dry, in the anud-bath, about one half tilled uith sulphuric 
acid; and a receiver nmaf be applied, but not luted on. The fin 
must now be lighted, and raised witii extreme caution. The first 
portion that comes over, amounting to atmiit one sixth, con 
chiefly of water, and may be rejected. This is followed by the 
centrated acid ; and, at this period, ihere is great risk that the nedf 
of the retort will be broken, by the contact of the condensed ne'ii,. 
which has a veryhijjh temperature, and which freqaently cracks tte- 
glasB, as elfectaally as the application of a red-hot iron. The fin 
must be i-egulated by the register door of the ash-pit, so thit' 
several seconds may elapse between the fall of the drops info tfl6 
receiver. The process may be continued as long as any acid is con- 
densed. The retorts, employed for this purpose, should be moat 
ten lively annealed. ' 

The dilhculty of rectifying sijphuric acid is much diminished, by 
usins; a retort of the capacity or frum two to four quarts when a piirf 
of the acid is employed, an<l by connecting ita neck with the r* 
ceiver by means of an adopter three or four feet long. The retort 
ma^ be set over a charcoal fire, and the Hame made to play gent^ 
on its bottom. No luting is to be employed, and the receiver '~ *" 
be surrounded with cold watep. With Una arrangement, and & 
tious regulation of the heat, Dr. Ure finds that sulphuric acid 
tie distilled without much risk, in a continuous gentle atream*. 

Sulphuric acid may be leas perfectly purified by diluting it with M 
equal weiglitof water, allowingthe impurities to settle, decantingdilt 
clear liquor, and evaporating it to the proper degree in a ulasS retort 

(ft) The proportion of the elements of sulphuric acid has been '"^ 
vestigated byseveral chemists. Iterthol let oxygenated ir.846pB 
of sulphur by nitric acid, and obtained a quantity of sulphuric aeid>. 
vhich gave 127.515 parta of sulphate of barytes. Hence 100 parU 
of sulphur would have formed S30.79 parts of real sulphuric viA' 
('^ about 293 of density I.S5); but this product falls short nfwln^ 
ouj{httDhave resulted. Rlaprofh,iUchter,and Bucholz obtained rfr- 
Eults nearly agreeing with each other. Iterzelius, to avoid all fallaev. 
from the hyi&ogen contained in sulphur, combined it, in the flnit 
jlace, with lead, which, like other metals, always evolves much hjf^ 
^n, and then oxygenated the snlphnret. The following TaJm 
^its the proportions, deduced from diii'erent experiments, in IIW' 
If of real acid : 

Sulpli 

- From the experiments of Berthollet . . 43.38 

KInproth 

Bucholz . 

Ber^elius 



P,.T,. 



.8 admitted by Dr. Wollastou 



. 4a„iO . 
. 39.D2 . 
. 40.O . 



projiorlioiig be taken at40 sulphur and 60 oxygen, ailfl) 
Mr. Daltou supposes, of I atom uf sulphur Wll 
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i atoms of oxygen, the atom of sulphur will weigh 15; for as [60r- 
~=) 30 19 to 40 so is 7^ to 15 ; aud the weight of an atom ot sul- 
liuric acid willbeS7.5. Mr. Dallon's numbers are 13 for the atom 
F aalphur, and S4 for that of sulphuric acid ; the difference being 
icasioned by his faking; oxygen at 7,instead of 7.5. 
I A coincidence has been pointed out by Berzelius, nhich is very 
remarkable, and is deemed by him sufficiently general, to be admit- 
«d att a law ; tiix. that In any combination of two oxygenated boiiics, 
rith each other, the oxygen of the one is either a multiple or divisor 
f that of the other, by some simple number. Sulphuric acid, of 1S50 
'ensity, afiiirds an illustration of this principle; for it consists of 81 
ialacidand 19 water; and it will be found tliattheo;iygen in the 
Ksid i!9i as nearly as possible, 48 ; and the oxygen in the water 16, 
p that in this case the multiple is 3, for i6 x S = 48. Various 
_tJier examples of the same general principle will be given, in treat- 
n^ of metallic oxides. In all neutral compounds uf sulphuric acid 
vith alkaline, earthy or metallic bases, the acid contains a (juantity 
|f oxys;en, which exceeds that in the base by tlie same multiples. 
,, (t) Sulphuric ^ci(t is decomposed at the temperature oftheatmos- 
ihere, by inflammable substances, and acquires a dark colour. The 
bddition of a little brown sugar, or a drop of olive oil, to a portion of 
i acid, imparts to It a brownish hue, which in time changes to 
fel&ck. Hence this acid should always be kept in bottles with glass 
■stoppers ; for a small bit of straw or cork, if dropped into a conside- 
-rable quantity of sulphuric acid, changes it in the manner tliat has 
been pointed out. 

■i (k) In high tempei'atures, sulphuric acid is still farther decompc 
.Bed by combustible bodies. 

1. Hydrogen gas, brought into contact with sulphuric acid, i 
A&te approaching ignition, decomposes it, and water and sulphurous 
icid are formed. This, however, is a most dangerous and difficult 
)rucess, which it is not adviseable to repeat. 

3. According to Gay Lussac, sulphuric acid is decomposed by 
leat alone, ana is resolved into two parts by measure of sulphurous 
icid gas, and one of oxygen gas. This esperiment is best performed 
ly passing the acid through ared-hot tube uf glasg or porcelain. 

3. 8ui|3iur, by being boded in sulphuiic acid, partly de-oxygenates 
t, and converts a portion of it into sulphurous acid, which comes 
~ r in a gaseous state. 

. Into a glass retort, put such a quantity of sulphuric acid as will 
ill about one fourth part of it, and add a small portion of powder 
charcoal. On applying the heat of a lamp, gas will be produced v 
■Tj abundantly. Let this gas be conveyed by a tube fixed to t1 
mouth of a retort, and bent in the proper manner, into an inverti 
r of water ; or, if it can be had, into an inverted Jar of quicksilv^ 
n a mercurial apparatus. During this operation, the carbon attracts 
lart of the oxygen of the sulphuric acid, and forms carbonic acid 
;as. But the sulphur is not entirely disoEygenated ; and a compound 
B therefore formed of sulphur and oxygen, containing less oxygen 
Ulian the sulphuric acid. 'Hiia compound fxistM in the state of a gas, 
'^ad its properties may next he examined. To avoid, however, the 
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eomplicatiDii wliich the admixture ofcarbonic aciil with thisnewjj 
duct introduces into the cnjrerimcnt, it may be proper to preM 
in a morte less objectionable, but theratiimaU nf wliicli cuiu 
present be explained. This consists in dissolvine two parL 
weight, or quicksilver in one of sulphuric acid, and Doiling th^ 
to dryness, in the bottom of a broKen Florence flask. The;g 
niRBS is nevt to be distilled in a strong annd-heat ; a glass sl^ 
ing interposed between the retort and the receiving mercurial tt 
to condense any sulphuric ncid that njay escape decompt 
{See pi. iii. fiE- 31.) The gas fitus obtained is termed, confot^ 
to the principles of t!ie new nomenclature, gulphurous acid. 



SECTION III. 
Sulphurous Acid Gas. 
SuLpairtious acid may be formed, also, 1st, by burning snlpH 
s low temperature in common air, under a glass bell ; aod if af^ 
linen cloth, dipped in a solution of potash, be exposed to the V. 
the alkali forms a combination with the sulphurous acid, wbiel 
afterwards be washed off and evaporated. The dry salt, il~ 
with liquid tartaric acid, jrives sulphurous acid gas. 

fldly. It is formed, exclusively, when sulphur is bnrned'ii 
oiygen gas. The gas, when restored to its original temper 
fbund to be contracted ■f,^^\ or ^Ih of its bulk; but this is 
iBWing lo the hydrogen cnntiiined in sulphur, for there is e 
|MMti> believe that oxygen gas, by becoming sulphurous ac 
■tall changed in volume. 

- -Sdly. It is produced, by heating red oxJde of mercury v 
.fpurtli nf its weight of sulphur, in the proportion of about acu 
ibr every five grains of the oxide. 
]ts properties are the following: 

{«) It has a pungent and suffocating snrell, exactly reserab 
rises from burning sulphur. 

is more than twice as heavy as atmospherical aift^ 
I 'Cubic inches are stated by Mr. Kirwan to weigh f" 
which would make its specific gravity 2,965. 
" same volume is s^d to weigh 6B grains, which 

'ic gravity of 2.S3. According to a calculation of OaJ 
led on the proportion of its elements, its specific {j 
I S.S0SI4. Berzclius finds it by experiment to be ^ 
Monge and Clouet assert, lliat if the gas be exposed, i 
time, to a temperature of 31* Fahrenheit, and to great pr« 
limes a fluid slate. 
It extinguishes burning Imdies; and kills animals, 

the property of whitening or bleaching silk, and'i^ 

enlphurousacid, water absorbs 33 times its bulk, 
'its weight, caloric is evolved, and the solution at 68* 
'^gravity 1.0513. Mr. Dal ton states the quantity abaaiterf I 
deCtoft.ttPh'ys.v 178 




9bOT. III. SULPHUROUS ACID GAS. 

(0 be unly 23 times tlie bulk of the water. From the solution, when 
recently prtpai-eU, tlio gas mu; be separated by beat, but not bj coii- 
gelutiuii. 

(^') The watery solutlmi does not redden inrusion of litmus, as 
ficids in general (Ii>, bat totally destroys Its colour. Hence its use in 
bleacliin^ several vegetable unil aninml products. It restores the 
colour ol syrup of violets, which hasbeea reddened by otlier acids*. 

(ft] Sulpnunc acid, saturated tvith this gas, which may be etTecIed 
by passing the gas tlirougli the acid, acquires a strong smell, a yel- 
lowish brown cuUiur, smokes when expujied tu the air, and has the 
property of assuming a solid form, by a moderate reduction of its 
temperature. When distilled, the first product, which is a compound 
of tile two acids, assumes a solid form. It has been called slacial 
sulphuric acid. It has however, been asserted by Vo|;elf, that the 
presence of sulphurous acid is not the cause of the glacml quality of 
'pil of vitriol ; and that, when converted to this state, by Uiiiling in 
'{Contact with sulphur, it contains do sulphui'ous acid. The nature of 
tlie change he has not yet fully explained. 

(i) Sulphurous acid is absoibed by crystallized borax, and by 
xueans of ihis property, Cluz«l observes, may be separated from car- 
bonic acid, and some otlier gases|. 

Balphurous acid is again converted to the state of sulphuric by 
iCKtonng oxygen to it. 

, 1. A mixture of oxygen and sulphuric acid gases, both perfectly 
diy, and standing over mercury, ia nut dimitiislmd by remaining in 
•contact with each other during some montlis; butif a small quantity 
of water be added, the misture begins to diminish, and sulphuric 
Acid is formed. The same gases in a state of mixture, by the action 
lOf electricity, or by being; driven through a red-hot porcelain tube, 
alTord sulphuric acid. The proportions required for mutual satura- 
tion are two measures of sulphurous acid and one of osyeen gas. 

2. To a portion of water saturated with sulphurous acid gas add 
a little oxide of mancanese, a substance that contains much oxygen, 
loosely combined. The pungent smell of the water, and the other 
characteristics of sulphurous acid, will soon disappear. 

3, Sulphurous acid gas is condensed into sulphuric acid by ad- 
jnixture with nitrous gas, and also by oxmurlatic acid gas ; but not 
unless the gases are in contact with water. 

fk) When the temperature of sulphurous acid gas is greatly re- 
duced, by surrounding it with a mixture of snow and muriate of 
lime, it is changed into a liquid. 

(/) If sulphurous acid gas and fresh muriate of tin are brought in- 
to contact over mercury, the volume of the gas is speedily dimin- 
ished, sulphur is deposited, and tlie pro-muriate becomes a per-mu- 
riate of tin. (Accum.) 

(m) It is decomposed, when submitted to the heat of ignition, in 
contact with certain combustible bodies. Thus, when a mixture of 
.^sulphurous acid and hydrt^cn gases are driven through a red-hot 
.porcelain tube, the oxj^n of tlie acid combines with the hydrogen, 
t Ann. de Chim. 3 




tiid rot'iiis walci', hikI siitphur is obtained in a sepnratc fem> Tbc 
sulpliurnus aciti is ifcomiiosccl, also, when tranami'tetl over r«d-liot 
charcoal ; and as appears front Gay Lassac's experiment, by potu- 

From the (estiinony of the same chemist we learn thnt 100 partk 
orsulpliiii', to Ijecomo sulphurous acul, unite with 95 osjgen. Tho 
tollowini; Tabic shows tlie numbers derived from riilferent aatlioH' 
tied. ISutphui'uus acid contains per cent. 

Sulphur. Oxygen. 

According 10 Gay Lussac . . 5I-,10 .... 48.70 

Berzelius . . 50.03 .... 49.9* 

■ Thomson . . 55.0 .... 47.0 

The determination of Bcrzeliua, of equal wei|hts of its ingi%di- 
ents, agrees best ivitli the specific gravity of the gas ; for if TOO cu- 
bic inches weigh 68, and 100 cubic inches of osygen 34, the remarn- 
ing 54 must consist of sulphur. Its atomic constitution, according to 
Mr. Daltun, is I atom of sulphur+3 atoms of oxygen ; and the we^t 
of its atom will, therefore, be 30. 



The combination of 1 atom of sulphur with 1 atom of oxygen con- 
stitutes probably the acid, which is formed In solutions oi alkaline 

— '-'- • ■ . .1 . . ,.r .1-. ...L- I '^ag |jg^„ 
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•ttlphuretft by exposure to the atmosphere. Of this which has bMn 
called kjjpniiiilfliHrous acid, the little that is known will be foond 
uudt-r thr arhcle sulplmrets ; but it has not yet been obtained in U 
tincombined state. 



SECTION IV. 

Comhination of Sulphuric ^cid with MIcaties. 
Art. 1. — Sulphate of Potash. 
I salt may be formed by salurating the carbonate Dfpotasli 
^^Htsulphuric acid, and cryslalliziug the solution. Its properties 
Kf ll.f Miowin^: 

(' ) Itci'v^tairizes in small six-sided prisms, terminated b; six-«- 
d'.'d (HT.'injids with triangular faces. Its specific gravity, accord&g 
tu no"^«(!nh-u(/„ 18 9.04*3. 
) it Lasahilter taste. 

) it deci-epilates when tlirown on a red-hot iron, or on rud-hot 

coals, ami is volatilized by a strong heat, tirat running into fusion. 

"y a low red heat i( loses very little of its weight, not more than one 

'f or two per cent. Indeed it does not essentially contaio 




■{d) Waler. at 60° of Fahrenheit, takes up only one sixteenth of 
"^ "--"St; but boiling water dissolves one fifth, or by continuing 
ition of heat even one fourth. 

composition of this salt is determined by the quantity of 
r bnrytes, which its solution atTords when decom posed by 
csalt. From UK) parts of the ignited salt, dissolved il 
Marcet obtained 133 of sulphate of barytes, Bemel' " 
.<'8, and Mr. It. Phillips, 136.7. Hence the composition . " ' 
'" "' the acid in HU^vV^ite oC t)a.ryte3 at 33.5 per ceni 
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SULPHATE or POTASH. 273 

Acid. Base. 

According to Dr. Marcet 44.82 S3.78 

Mr. PhillipB 45.r9 54.41 

Buchulz 46.31 53.79 

■ — - Ttalton 44.ro 55.30 

Berard 42.76 57.34 

— — Beraelius 45.0 55.0 

Dr. Ure 45.5 54.5 

If the weight of tlie atom of potasli be 50, and that of sulphu- 
ric acid 3f.5, the determinatioD of Berard would be nearest die 
truth; but the proportions which would best suit the weights as'- 
signed by Mr. Dalton {42 for potash and 34 for sulphuric arid), 
are tliose approaching to 45 acid and 55 base. For though some 
doubt may esist as fo the precise weiglits of the atoms of potash 
and f^ulphuric acid, it can scarcely be questioned tJiat this salt is 
composed of one atom of potash united witli one atom of acid. 
Mr. Dalton's numbers make the weight of the atom 76, and the 
corrected ones would increase it to 87-5. 

(/) Sulphate of potash is decomposed, in high temperatures, by 
charcoal. Mis any quantity of the salt with one ftfth of its weight 
of charcoal finely powdered, and expose the mixture, in a crucible, 
to a strong heat." The carbon will unite with the oxygen of the 
sulphuric acid, and will escape in the utate of a gas. What re- 
mains iaa compound, hereafter to be described, of sulphur and 
-potash, or more probably of sulphur and potassium.' No chunge 
IB effected in sulphate of potash by fusion with sulphur, which 
sublimes unaltered.! 

Si-stdpkate of Potash. 

When to a saturated solution of sulphate of potash in boiline 
water, we add an excess of sulphuric acid, the first crystals, whiun 
are formed, contain a considerable excess of sulphuric acid, not 
less in. the whole, according; to Berthollet4 than 55,8 per cent. 
By continuing to evaporate the solution, we obtain successive quan- 
tities of crystals, which hold less aud less acid in combination. 
Thus the second set, according to the same chemist, contain oulr 
49.5 jjer cent, of acid; and he was therefore of opinion, that sul- 
phuric acid and pot-ish are capable of uniting in all proportions. 
It is much more agreeable, however, to analogy to believe, that in 
this, as in all other energetic combinations, the proportions are 
limited. The bi-sulphatc or super-sulphate, it is probable, consist* 
of one atom of base with two atoms of acid, or of 55 base + 90 
acid; and its composition may be contrasted with that of the sul- 
phate as follows: 

* Vauquelin, Ann.deChim.etPbjE. V.3I. + ISid.p.SO. 

I Miiaaires a' Arcueil, jj, 480. 
Vol. I.— M m 



it will be found not inconHisteat witli the opinion, that the salt i 

EOmnosRd of one atom of base + one atom of acid, \ 

Tile crystallized sulphat- consists, calculating from the difl 

furnisiied b; Berzellus, ol * 



Soda - 
witer' 



Art. 5. — Salpftate of ^mmojiia. 

Sulphate of Ammonia may be composed by adding sub-carbo- 
nate of ammonia to dilute sulphuric acid; lUO parts of the com- 
pact sub-carbonate requiring, accoi-ding to Dr. Lre, 88 conceillr&r 
ted sulphuric acid. 

(tt) The sulphate of ammonia forms long flattened prisms widl 
nt sides, terminated by six-sided pyramids. 

(h) It slightly attract! moisture fi'om the air. 

icj It has a cool bitter taste. 

frt) Two parts of water, at 60°. take up one of the salt, £ 
boiling water dissolves its own weight. During solution, it prodttj 
cea cold; and also when mingled with powdered ice, or with sno** 

(e) The sublimed salt has an excess of acid; a portion of the 
base being expelled by the application of heat. 

(J) It contains, per cent., according to Berzelius, 

Ammonia - - - - 22.6 
Sulph. acid - - - 53.1 
Water .... 24.3 

100. 

When dried as completely as possible without dkcomposiug iftil 
Dr. Ure found this salt to consist of CI acid + 39 base, which 
■base was itself constituted of 25.96 ammonia and 13.04 water. 
According to Dr. WoUaston's scale of equivalents, the nUmbers at* 
61 acid. 361 ammonia, and 13J water.* 

(?) Sulphate of ammonia liquifies, by a gentle heat, and is vo- 
latilized. If a little stronger heat be applied, it is defcorai)oSea,t 
ind hence great care is required in drying it. 



* Thomsoa'B Auuals, x. SQi. 
t See Mr. Hatcbett'a paper in Pliilosophieal Tra 
j'g ResearcheB. 
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will any quantity of carbonate of potash, tliat can be employed, 
be adeuuatp to the entire decompoBition of the sulphute of barvtes. 
) By this process carbonate of barytes may, liowever, be pro - 
I in sufficient quantity for the purpose of preparing the pure 
€artli,and its various salts, when the native carbonate cannot be 
had in sufficient abundance. The sulphate is found, in considera- 
ble masses, accompanying lead ore, in Derbyshire and other parts 
of Gneland, where it is known by tlie names of cawk, ponderouf 
spar, &c. When applied to the purpose of obtaining the carbo- 
nate of barytes, it is to be finely powdered, mixed witli tliree or 
four times Its weight of sub-carbonate of potash, and boiled nnth 
a proper quantity of water for a considerable time, in an iron ket- 
tle, stirring it, and breaking down the hard lumps, into which it is 
apt to run, by an iron pestle. It is then to be washed witti boiling 
water, as lon^ as this acquires any taste. On the addition of dilute 
muriatic acid, a violent eflTerrescence will ensue, and a considera- 
ble portion of the earth, probably along with some metals, will be 
dissolved. To the saturated solution, add solution of pure ammo- 
nia, or, in preference, a solution of pure barytes in water, as long 
as it disturos the transparency of the liquor. This will throw down 
any metals that may be present; and the barytes may afterwards 
be precipitated in the state of a carbonate, by a solution of carbo- 
nate of potash. Let the precipitated earth be well washed with 
distilled water; and if the pure barytes is to be obtained from it, 
let it be treated as directed, chap. v. 

(ft) Sulphate of harvtes is also decomposed when ignited with 
powdered charcoal, which abstracts the osygen of the sulphuric 
acid, and leaves a combination of sulphur and narytes. From this, 
the barytes may be removed by muriatic acid, as already directed, 
and the muriatic solution be decomposed by carbonate of potash. 

(t) The sulphate of barytes, whan decomposed by charcoal, af- 
fords one variety of solar phosphorus. This phosphorus has been 
called, from the place where the sulphate is found from which it 
was first prepared, the Bolognian phosphorus. The native sulphate, 
powdered after being ignited, and finely sifted, is to be formed in- 
to a paste witli mucila^ of gumai'abic, and divided into cylinders 
or pieces of one fourth of an inch in thickness. These after be- 
in^ dried in a moderate heat, are to be exposed to the temperature 
Ota wind furnace, placed in the midst of the charcoal. When 
the fuel is half consumed, it must be replenished, and suftijred to 
burn out. The pieces will be found, retaining their original shapes, 
among the ashes, from which they may be separated by the blast 
of a pair of bellows. They must be preserved in a well-stopped 

This phosphorus, after beins; exposed a few minutes to the sun's 
rays, shines in the dark sufficiently to render visible the dial of a 
watch. This property is lost by repeated use, in consequence of 
the oxygenation of tlie sulphur; but may be restored by a second 
cair illation. 

(i) Sulphate of barytes, when artificially formed and calcined, 
contains in one hundred parts, 




According to Klaproth 

Mi% A. Ailun» 

— Mr. J. Thomaoht - 

— BcitliirileQ - 

^ Ber«?lius§ 

The detPcminatiW) of Itertltoilet, hcine; nearly ft meAii ofthret!) 
mfty bPconsiflerednBsnffieieiitiy accurati;. Dk WollastoTi assuifiM 
66 parts (if base and 34 of aciil, as expressing most correctly its 
composition. T}ie native sulphate, according to Klaproth, ta cort* 
posed of «ne tliinl acid and two-thirds batie.tl Its atomic cttttati- 
tutiun is one atom uf base and one of acid. 



Art. 5, — Sidpbatf of StranlHes. 

I. This salt rfeseUiliIps. rery nearly, the sulphate of bafytM' 
maybi! formed in a similar manner, by pouring the solution nf pare 
rtrontiteS'into diluted sulphuric acid, or into the solution of an al- 
kaline sulphate; for it has a stronger aflinity than any sf the alka- 
lies for sulphuric acid. It is soluble in 3840 parts of boiling water. 

II. The sulphate of strontttes is also found native in considera- 
ble quantities; chiefly at Aust Passage, and at other places in tJ« 
neignbonrhood of Bnstol. As the native carbonate is now becom- 
ing scarce, this compound may be advantageously employed f&t 
prooiring artificial carbonate oi strontites. This process is pre- 
tifiely simitar to that already described for decomposing the snl- 
phfttfe of baritet. (Art. 4.g-.) 

According to a considerable majnrity of the chemists who have 
analyzed it, it consists of 



5S 



100 



The accuracy of these numbers is admitted by Dr. Wollaaton. 
Bat Vauquelin has stated, that it is composed of 4G acid and 54 
baae, and Stromeyer of 43 acid and 57 Ijase. 



•. 6. — Sulpliate oj Lime, 

% sulphate of lime is formed, by adding to the carbonates 
Lt quantity of sulphuric acid; aild by gently calcining ^ 

t Nicholsou's Jouraal, xxiii. 1 74^*'' 

J 79 Amiales deCliinrie, IT' 
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residue, fo eipel the redwmlancy of tho littter icid. It is also 
Ifuund native, in great abundance, under the names of gypaum, 
plaster of Paris, &c. 

II. It has the f^illowing properties: 

1. It is iDBipid and free from emell. 

2. It is difficultly soluble, requiring 500 flints its weight of ci 
nater, or 450 of hot water. 

3. It is fusible by a moderate heat. When sulphate of lime, 
which has been dried at 160° Fahvenhett, is exposi-d to a low red- 
heat, it loses S3 (according to Bei'zelius, and BucholzSl) percent. 
of its weiglit, consisting entirely of water. After calcination, it 
absorbs water rapidly, and forms a good cement 

' 4. It is decomposed by carbonates of alkali, a double exchange 
of principles ensuing. Hence the loilkiness wliich ensues on ^- 
ding carbonate of potash to many spiing waters; tJie carbonate of 
Ume> which is generated, being less soluble tliau the sulphate. 
Hence, also, hard waters, which always contain sulphate of lime 
in solution, curdle soap, the alkali of which is detached by the sul- 
phuric acid, and the oil is set at liberty. 

I S. It is decomposed by ignition witli charcoal, which separate 
the oxygen of the sulphuric acid, apd leares a combination of linil 

' with sulphur. 

By dissolving 100 grains of calcined sulphate of lime iii boiling 
disiuled water, and adding muriate of barytea, 1 obtained a jaa' 
cipitate, which, when well washed, dried, and calcined in a low 
red'heat, weighed 175.9, Hence lOO parts of calcined sulpha'' 
ff lime must contain very nearly 



According to the above experiment 

Thompson and Berzeliu 

Klaproth 

Dalton 



It consists, ihei 
of acid. 



sfoi-c, of an atom of lime united with an ato 



Abt. r. — Sulphate of Mngrwsia. 



lulphuric acid is suddenly added 
great heat and vapour 



I. When highly concentrated s 
to fresh prepared and pure magnesia, very s 
areescited, and are accompanied frequently 
of light. This appearance was first observed by Westrumb. 

II. If the carbonate of magnesia be added to diluted sulphuric 
acid, tlie carbonic acid is expelled, and a solution of sulphate of 
magnesia is formed, which crystallizes on cooling. Crystals of 
sulphate of magnesia may also be procured in the shops, under the 
name of Epsum salt. 

III. These crystals have the following properties 







3 soluble in rather more than three times ita weight of water at 
60" Fahrenlieit; is permanent in the air; and does not fuse, but de- 
crepitates oil applying heat- It is composed of 




Sulphaf« of magnesia 
Sulphate of soila 
Water of crjstallizatiou 



Art. S.— Sulphate of Mumiiie and dium. 



The properties of this salt may be exhibited bj thuse of the 
common alum of commerce; though, as will afterwards appear, 
^□m is not merely a mmbination of this earth with sulphuric acid; 
but is a triple salt, compoaed eitlier of sulphuric acid, alumine, and 

(lotashj or of sulphuric acid, alumine, and ammonia. It has the 
olio wing characters: 

(a) ItTias a sweetish astringent taste. Its specific graTity is 
■1.71. 

(6) It dissolves in water, five parts of which, at 60°, take up one 
of the salt, but hot water dissolves about three fourths of its weight. 

(c] This solution reddens vegetable blue colours; which proves 
the acid to be in excess. 

(c^ When mixed with a solution of carbonate of potash, an ef- 
fervescence is produced by the uncombined acid, which also pre- 
vents the first portions of^ alkali, that are added to a solution of 
sulphate of alumine, from occasioning any precipitate. 

fe) On a farther addition of alkali, the alumine is precipitated. 

Qf) Sulphate of alumine, when heated, swells Pip, loses its regu- 
lar form, and becomes a dry spongy mass: but, according to Vau- 
quelin," tlie whole of its acid cannot be expelled by heat. 

(g) The combination of sulpliuric acid with alumine is incapa- 
ble of cryBtalliz,ing without an admixture of sulphate of potash, 
which forms a constituent of all the alum of commerce. Accord- 
ing to Vauquelin, 100 parts consistof 49 dry suljihate of alumine, 
7 sulphate of potash, and 44 water. Or 100 grains are composed of 



Acid 


30.53 


Alumine 


10.50 


Potash 


10.40 


Water 


48.58 



34.23 



4 



• Ann. deChim. Ksxvii. 91. f Vauquelin. [ Dalton 

VBerz«lius. In thU there is a dcliciencj of 0. 1 per cent. 
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SS£ SULPHATES. 

The aci<)i in VaiUquclin''a estimate, is evidentlj' rated too low; 
Ibr alum, when precipitated by muriate of barjiea, givea, as near- 
ly a§ possible, iiti equal weight of suljihate of baijtes, 100 grains 
of which contain 33,5 of sulphuric acid, the quantity, therefore, 
present j'n.lOD parts of alum. Accordinglo Berzelius, alum is 
composed of 

Sulphate of alumine - - 36.85 
-potash - - 18.15 



Water 



nftheH^H 



The osvgen of the potash being represented by 1 
finds that the oxygen of the alumitie will he as 3; tliat oft! 
phurie acid as 1^; and that of the water as S4. The saitt 
siats, according to Mr. Balton, uf one atom of sulphate of potash, 
four atoms of sulphate of alumine, and 3(1 atoms of water. The 
dumine, he contendB, does notesistinthe staleof super-sulpbatq 
but of a saturated sulphate, a salt composed of 

Alumine - - - 29.9: 

Acid . - - 70.01 



A neutral sulphate of alumine was obtained by Berzeliu^ 
the following process. He decomposed alum by ammonia; i' 
ed the precipitate, and redissolved it in sulphuric acid. To tl 
(|Uor, after evaporation, he added alcohol, which threw dA 
sulphate nearly neutral.andrenderedperfectly so, bybeing* 
ed with fartlier portions of alcohol. Gay Lussac has also it 
the following process, communicated to him by Descotils, forfl 
paring a pure sulphate of alumine. On alum with base of ann 
nia, boil nitro-muriatic acid, till all the ammonia is destroyed,* 
evaporate to dryness to expell all the nitric and muriatic tr 
The ammonia is decomposed by the chlorine, which results (. 
the mutual action of those two acids, and the alumine remu^ 
combination with sulphuric acid only. The saturated solutiM 
tills salt in water is an excellent test to discover potash, for ad 
or two added to a solution of that alkali, or of any of its r 
immediately causes a precipitation of alum.^ 

(k) Alum is decomposed by charcoal, which combines withiL 

oxygen of the sulphuiic acid, and leaves the sulphur attached i( 

the alumine. A combination of alumine, sulphur, and charcoal) 

[ , Ibrms the p\frophorus of Homberg. To prepare this, equal parts 

I ■ *f powdered alum anti brown sugar are melted over the fire, and 

we kept stirring till reduced to dryness. The mixture, when 

lid, is to be finely powdered, and introduced into a common phi- 

CAated with clay, to which a glass tube, open at each end, is to 

* Ann, de Cbim. et Phys. vi, 201 . 




OF ZIRUON. 



- be luted, to allow the escape of the gases that are produced. 

Ehial umst then be set in tlie fire, surrounded by aand, in n cm 
le. Gas will issue from the open end of the tube, aud luay 
inflamed by a lighted paper. Wiien this ceases to escape, the cru- 
cible may be removed from the fire, and a little moist clay press- 
ed down upon the open end of the tube, to prevent the access of 
air to tli^ contents of the phial. When cold, the tube may be re- 
moved, and a cork substituted \n its place. The principal diffi- 
culty in the process, is to stop it precisely at the period, when the 
pyrophorus is formed; for if the heat be contiuueif longer, the pre- 
paration will be spoiled. 

I'lie pyrophorus thus formed is a black and light powder, which 
inBtantfy takes fire when poured out of the bottle into the air, and 
' inflames suddenly in oxygen gas. Sulphate of potash appears to 
be cHsential to its production, and hence the sulphuret of potash 
'is a necessary ingredient. From the discoveries of Sir H. Davy, 
it appears not improbable that this pyrophorus may contain sttl- 

f buret of potassium. Tlie principal part of the phenomena, how- 
rer, is owing to tiie combustion of an extremely light and finely 
^divided charcoal. 



Art. 9^~Sulpkate of Glucine. 
Glacine combines readily with sulphuric acid, both in its pure 
.and carbonated state. The resulting salt is extrenielv soluble; 
insomuch that, when evaporated, it assumes the form of a syrup, 
without crystallizing. Its taste is sweet, and rather astringent. 
It is decomposed entirely in a high temperature, the earth being 
left in a state of purity. It is also destroyed by ignition with 
charcoal. It does not yield its earthy ingredient to any of the 
acids; but is decomposed by all tlie alkalies and earths, alluminc 
excepted. 



Art. 10. — Sulphate of Zircon. 

To effect the oombinatiop of zircon with any acid, tliis earth 
should be fresh precipitated; for, after being dried, it enters with 
difficulty into union. 

The salt, resulting from the union of sulphuric acid with zircop. 
Is white, insoluble, and without taste. It is decomposed by ^ high 
temperature, which expels the acid, and leaves the zircon pure. 
It is not changed by otlier acids, but yields its sulphuric acid to 
the alkalies, and to most of the earths. 



Akt. n.— Sulphate qf Fttria. 
Sulphuric acid readily dissolves yttria, and caloric is evolved | 
during the process. As the solution goes on, the sulphate crystal- 1 



n 




puiPHnaETB. 



pouuil may be poured, vhile in fusion, upon a emooth sIadc, and, 
when cold, presorvi^i! In a well closed pliial. Its colour is a brown- 
ish red or liver colour, from which property lias been derived the 
generic name, formerly in use, of hepar or (irei- of sulphur. 

It was contended by Vautjuelin utat, during the formation of 
aulpKurets by fusion, a consideridjle quanti^ of siilphuretttd hy- 
drogen gas 13 evolved, and that sulphuric acid is also prnducra, 
which, uniting with the alkaline base, composes a sulphate. It has 
been shown, liowever, by Gay Lussac, that the formation of sul- 
phuric acid takes place only at high temperatures, and tiiat a sui- 
phuret, which has been prepared at a degree of Iteat barely sv/fi 
cient for the purpose, whew dissolved in water, gives no tiac^f 
sulphuric acid, but abounds with hiipo-sutphttrows acid. This aoid 
must, however have been generated during the act of solution, br 
the decomposition of water, for it is incapable of being formea, 
or even of existing, at high temperatures. 

A pure Bulphuret of potash ov soda cannot he formed in the hu- 
mid way, for the decomposition of the water gives rise to other 
products, which, also, exist in the sclution. According to Vau- 
quelin, the sulphuret of lime is an exception to this rule, and may 
be f.irmed by boiling lime and sulphur witli a sufficient quanti^ 
of water. 

It has been doubted whether, in the production of alkaline and 
earthy sulphurets, the base preserves the state of an oxide after 
combination witli sulphur, or whether it be de-oxydized, and thus 

6roduce a sulphuret with the metallic base of the respective alka- 
or earth. The oiiides of the common metals, it is well known, 
abandon their oxygen, when fused witli sulphur, and afford true 
metallic sulphurets. Gay Lussac has, however, proved that, at a 
moderate temperature, the alkalies unite, os sack, with sulphur, 
and that compounds are formed which are true sulphureted 
oxides,* 

To prepare sulphuret of ammonia, a mixture of one part of dry 

Sickltme, one of muriate of ammonia, and half a part of suf- 
ur, ma^ be distilled from a glass retort by a gentle heat The 
product IS a liquid of a brownish yellow colour, and an oily con- 
sistence, which emits copiously white and offensive fumes. 

Sulphuret of lime, when intended for the purpose of Canton's 
pkospkorus, is best prepared, by placing in a crucible, alternate, 
strata of calcined and pounded oyster-shells and sulphur; expos- 
ing them tQ a moderate heat; and then confining them in a bottle 
with a ground stopper. Or, according to the original directions 
of Canton, three parts of oyster- shells, calcined lor an hour and 
pulverized, are to be mixed with one of sulphur, and rammed 
tightly into a crucible, which is to be kept red-hot for about an 
hour. The compound, when cold, has the properties already as- 
signed to tile Boiognian phosphorus. 

II. Sulphurets have the following properties: 

* fi AuD. de Cliim. el Phys. 325, 
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SbLFHURETS. 

(a) In a moist state tliej emit an offensive smell, ^nd have K 
diaagreeable taste. 

(A) They change to green the colour of violets, in the same 
manner &a uncombiuei] alkalies. 

(c) They blacken the skin, silk, and otiier animal substances. 

(a) They are decomposed by all acids. Into a Nooth's machine 
put a weak solution of sulphuret of alkali, and pass through it 
streams of carbonic acid gas. In the course of a few days, the 
sulphur will be precipitated, and a carbonate of alkali will be ob- 
tained. Hiis decomposition ensues, instantly, on adding, to a so- 
lulphurct of potash, aDy of tlie stronger acids, as the 
, nitric, or muriatic; and we obtain a compound of the 
li with the respective acid employed. 

(e) The solutions of sulphurets absorb oxygen gas, and abandon 
part of their sulphur. This may be shawn by the experiments 
already described (chap, v.} If the change thus effected be ex- 
amined, it will be found that the oxygen has combined with Ae 
sulphur, and formed sulphurous acidf, which, uniting with the al- 
kali, has composed the sulphite of potash. To this sulphite, a 
portion of the liberated sulphur unites itself, forming a aulpkUr 
reted suhhite. 

{/) It dilute muriatic acid be poured on the solution of sul- 
phuret of potash or soda, a violent effervescence will ensue, and 
a very offensive gas be disengaged. This gas may be collected 
over water. It is termed sulpnureted hydrogen gas. Prom the 
experiments of Vauquelin, it appears to be merely disengaged, 
and not formed by the action ot^ the acid. The following Table 
shows the composition of a few of the sulphurets, as determined 
by Vauquelin. No sulphuret of magnesia has yet been proved to 
exist. 



Sulphuret of Potash - - 

— Soda - - - 

Barvtes - - 

Ume - - 

The quantities of sulphur, which combine with the alkalies and 
eartlis, have been ascertained by the same chemist to be propor- 
tional to the quantities of oxygen, with which their respective me- 
tallic bases are united. But the sulphurets coutain more sulphur 
than is necessary to form the quantity of sulphuric acid, equivt 
lent to the satorntion of their bases. 



.Iphur. 


take Sulphur 


52-7 


- - 111.3 


62. 


- - 163. 


34.5 


- - 53.5 


63. 


■ - 170. 



Art. '3. — Sulphureted Hydrogen Gaa. 
''his '^-.ti may be procured: 

By tile action of diluted sulphuricacid on sulphuret of ina. 
■■ed in the following manner. A bar of iron is to be heated 
aito or welding heat in a smith's forge, and, in this state, is 
•uobed with a roll of sulphur. The metal and sulphur unite. 




SULPmrHETED HTSHOGEH. 



ops. These ^^^H 
d in a wel! ^^^f 

with sulnhiir 



n filings with sulphur 
equally well, because 
;ood deal of hydro^ 
1 pruduccJ by heatii 

Q by introdncing 



andtform a liquid compound, which falls down in drops. 
Boon congeal; and the compound must be preserved i 
closed phial. 

2. The sulphuret, prepared by melting iro 
in a crucible, does not answer the purpoa 
the gas, which it affords, is mixed witli a 
gas. So, also, is the sulphureted hydrogi 
sulphur in hydrogen gas. 

3. Gay Lussac prepares sulphuret of ii 
a matrass two parts by WBight of iron filings, and one oFflovr- ' 
ers of sulphur. To these, water ie added in sufficient quantity 
to sive a thickish consistence; and the matras^ is heated a little, 
to favour the combination, wliich is indicated by a copious disen- 
ffflgement of heat, and by the whole mass assuming a black colour. 
From this compound, sulphuric acid, diluted with four times Its 
volume of water, separates sulphureted hydrogen in' great abun- 
dance. It is better to prepare the compound when' wanted, than 
t« keep it ready made, because, unless very carefully preserved 
from contact mth the air, it becomes less 6t for the purpose of afi^J 
fordinw gas," -^ 

4. The sulphuret of potash, if prepared by boiling flowers ofj 
sulphur with liquid potash, quite free from carbonic acid, give#r 
pnre sulphureted hydrogen, when acted upon by diluted sulphudia 
or muriatic acid. 

II. Its properties are the following: 

(a) Its smell is extremely offensive, resembling that of putreJ 
fyin^ eggs. '% 

{6j It 18 inflammable, and bums either silently or with an exJ 
plosion, according as it is previously mixed, or not, with oxygen- 
vas or atmospheric air. During this combustion, water results 
from "the union of the hydrogen with the oxygen, and aulplmric 
Bnd sulphurous acids from that of the oxygen and sulphur. Two 
measures require three of oxygen gas, one measure of which satu- 
rates the hydrogen, and two the sulphur. 

When three parts of sulphureted hvdrogen are mingled witli 
twonf nitrous gas, the mixture, on being inflamed, burns with a 
yellowish green flame. 

(c) It tarnishes silver, mercury, and other polished metals, and 
instantly blackens white paint. 

{d) It is absorbed by water, which takes up its own bulk, or ac- 
cording tfl SausBure twice and a half, or Gay Lussac, three times, 
itabulkofthegas; but in order to obtain so considerable an absorp- 
tion, the gas, submitted to experiment, should be perfectly pure. 
Water thus saturated acquires tlie peculiar sinell of the gas. It 
is this gas which gives to the Harrogate, and some other natural 
waters, their disagreeable odour. Liquid muriatic acid absorbs 
at least three times its volume; and sulphuric acid, diluted with 
an equal weight of water, once and a half its volume. 
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(e) Water, s&turateil with this gas, reddens the infusioQ obrio- 
letB, in thia respect producing the effect of an acid. From thi» 
and other propertieii, some of the German chemists have proposed 
for it the name of hydrntkionic atid; and Gaj [^useac has given 
it tiie very objectionable name of bydrosulpkuTic acid, q term 
(vhich would be much more properly applied to liquid sulphuric 
acid. 

(/) Water impremated with sulphurefed hydrogen, when ex- 
posed to the afmospTiere, becomes covered with a pellicle of sul- 
phur. Sulnhur is even deposited when the water is kept in well- 
closed bottles. 

(g) On the addition of a few drops of nitric or nitrous acid to 
the watery solution, sulphur is instantly precipitated. Inthiscaae 
the oxygen of the acid combines witli the hydrogen of the gas, 
&nd the sulphur ia separated. The gas itself, also, is decomposed 
when transmitted through sulphuric, nitric, or arsenic acids.* 

(ft) This gas, as will afterwards appear, is decomposed by mix- 
ture with oxy-muriatic acid gas; and sulphur is precipitated. Vo- 
gel obtained, also, a liquid, analogous to the sulphureted muristie 
acid of Dr. Thomson. 

(i) It is decomposed also when kept in a state of mixture with 
atmosplieric air, the oxygen of which combines vrith the hydrogen, 
and forms water, while the sulphur is precipitated. 

(fr) A succession of electric explosions throws down sulphur 
from it, and the volume of the gas remains unaltered. 

(/) When six measures of sulphureted hydrogen gas and 6ve 
measures of sulphurous acid gas are mingled together, the hydro- 
gen of the former unites with the oxygen of the latter, and the 
sulphur of both ia precipitated. But five measures of sulphurous 
acid contain twice the oxygen necessary for saturating six roes- 
sures of sulphureted hydrogen. Hence it is probable, that the 
sulphur is separated in tlie state of an oxide. 

(itt) It is decomposed when passed over ignited charcoal, and 
is converted into carbureted hydrogen gas. 

(n) Sulphureted hydrogen, both in the state of a gas and of wa- 
tery impregnation, precipitates ail metallic solutions, excepting 
tiiose 01 iron, nickel, cobalt, manganese, titanium, and mulybdeni. 

(o) It is copiously absorbed by alkalies, and by all the earths, 
excepting aluraine and zircon. Tlieae alkaline and earthy com- 
binations are termed hydro -sulphurets. 

(v) When potassium or sodium is made to act on sulpliureted 
hydrogengas, a brilliant combustion takes place; aquantity of hy- 
drogen gas is evolved, precisely equivalent to that which the metal 
would have separated from water; the metal loses its lustre, and 
becomes grayish, or amber coloured, or reddish; and by tlie action 
ff diluted muriatic acid, the whole of the sulphureted hydrogen, 
* ifecovered. This experiment pnives, that sulphureted hydrogen, 
^ consequently sulphur, contain no oxygen; for, in that case, 
le potassium would not, after being acted on by the gas, evolve 
le original quantity of sulpliureted hydrogen. All that appean 

' J outna.\ ot Science, tc. w. VWt. 






HTnno-StlLPttO HXTS. 

Iff take place is, the combination of the metal with sulphur, and 
the formation of a sulphuret of potAsitum or sodium, which dis- 
engages from water Cxactljr as much hj'drogen, as would have 
been evolved by the mctai m its separate state. The results of 
Sir H. Da»T, which are somewhat diflbrent, are satisfactorily ex- 
fitained by Gay Lusaac and Thenard." 

(y) The speeiflc eravity of sulphuretcd hydrogen gas has been 
Tanoiialy stated/ Mr. Kirwan found 100 cubic inches, at G0° Fah- 
renheit, and 30 inches barometer, to weigh 34.386 grains, which 
makes its specific graTity 1.134. Sir H. Davy states the weight 
of the same quantity at 36.5 grains, and its specific gravity, there- 
fore, at 1.180, Gay Lussac and Thenard determined its specific 
gravity to be 1.19J2 by experiment, or l.\7G8 by calculation; and 
100 cubic inches should weigh 36.33 graios, according to the first 
'bf these two numbers. 

{r) Admitting the accuracy of Sir H. Davy's statement of its 
ejMcific gravity, and also that lOU cubic inches of the gaa contain 
fcJactly the same volume of hydrogen (= a.ST grains}, then S6.5 
grains of sulphureted hydrogen will contain 2,27' gr^ns of hydrO' 
gen; and 100 grains will consist of 

Sulphur - 93.8 

Hydrogen • 6.2 

100, 
Froni these data, wliich agree very nearly with those of Berze- 
lius,t the weight of the atom of sulphur may be stated at 15; for 
as 6.2 to 93.8 so is 1 to 15 very nearly. The weight of this atom, 
therefore, turns out to be the same, whether investigated by its 
combinations with oxygen or with hydrogen. 



^ 



Art. 3.. — Hydro-Sutphurets. 
In its union with alkaline and earthy bases, sulphureted hydro- 
gen seems to perform, in a great measure, the functions of an 
acid; and presents, therefore, an important exception to the doc- 
trine of acidification proposed by Lavoisier; for, in this instance, 
a body, which contains no oxygen, possesses some of the moat im- 
portant characters of an acid, viz. the property ef changing vege- 
table blueb to red, and of uniting with alkalies. 

I. The hydro -sulphu rets may be formed, by transmitting sul- 
phureted hydrogen gas, as it issues from the materials that alfottl 
it, througli a sufution of the alkaline or earthy base. Or the base, 
when insoluble, must be kept suspended in water by mechanical 
agitation. 

II. The hydro- sulphurets have several qualities common to the ■ 
wholegenus. 

1. They are all soluble in water, and the recent solution is" co- 
lourless. By exposure to tlie air however, it first becomes gre^H. 

* RecliercliBB, i. 202. t HI Ann. deGiAm.^6. 



SCLPHUREl' OF C 

U'hc alc(^ol of sulphur has the following propci'ti 
tp. Ic is eminently transparent, and perfectly colourless. Some- 
,mca, immediately after distillation, iJie oily liqui.l appears a little ' 
paque and milky; but the next tlay it is found to have become ] 
sinpletely limpid. It has an acrid, pungent, and somewhat a 
latic taste; its smell is nauseous and fetid, though diiTeriiig from j 
of sulpliufeted hydrogen. 

. Its specific gravity is \.'2T2; its refractive power, ; 
idbyDr.Wollasion.is 1.645. Usexpansirs farce(at S 
meter, and 53^° FahrenheitJ is equal to the pressure of 7.36 1 
Bs of mercury; so that air, to wliich it is admitted, will dilate J 
it one fourtli ot its volume. It boils briskJy under the common J 
sspheric pressure, at a temperature of 105° or 110° Fahren- I 
It does not congeal, at a temperature as low as GO* below J 
^Fahrenheit. 

i highly inflammable, and takes fire at a temperature | 
»ly exceeding thai at which mercury boils. Its flame is! 
Kish, and it emits copious fumes of sulphurous acid. If a long;! 
ass tube, open at both ends, be held over the flame, care being T 
ken lo keep the tube quite cool, no moisture whatever is depo- 
ted on its inner surface, a sufficient proof of the absence of hy- 



'he oily liquid readily dissolves in alcohol and ether, though noC 
11 proportions, and these solutions arc decomposed by ibe ad- 
f water. It readily incorporates with fixed and volatile oils, 
■apidly dissolves camphor. It is not soluble in water, 
lu its liquid state, it sullcrs no change on being heated wiihj 
isiiim; but potassium, when heated in its vapour, becomes J 
nd emits a reddish flame. The residue, when washed | 
1 water, affords sulpburet of potash and charcoal. 
. It does not tarnisli mercury or its amalgams, nor silver, Kn- 
it contain more sulphur than is essential to its constitution. 
, The alkalies dissolve it entirely, but very slowly. Of theJ 
1b, none exert any sensible action on it, but the nitro -muriatic j 
liquid oxymuriatic acids, which occasion its decomposit 
, When transmitted over ignited copper or iron turnings, alco- ] 
bf sulphur is decomposed, the metal combining both with char-- 
' and sulphur; and a rose coloured fluid is obtained, differing f 
sensible qualities from the original liquid, and apparently coi 
ing of the same elements in different proportions. 
ilie proportions of the elements of sulphuret of carbon are di 
id by ficrthollet, Thenard, and Vauquelin, to be from 14 ' 
parts of charcoal, and from 85 to 85 of sulphur, in 100, Th 
^ent of its composition nearly agrees with that inferred t 
•^ "— -selius and Marcet;-uiz. 
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Supposing the foregoing proportions by volume tob 
X^c proportions by weight will be as follows: 



Nitrous oxide consists of . ' 100 

gas 

Per-nitrous acid 

Nitrousacirf 

Nitric acid • lOO 

In all these compounds,the elements are in a state of 1^ 
tion, except in nitrous gas, in which the nitrogen mnd o 
carding to Gay Lussac, are precisely in the same state n 
as in nitrogen and oxygen gases. In the other compoS 
contraction, he apprehends, is exactly equivalent to the bm 
oxygen gas. For example, in 100 measures of nitrous o* 
sisling of 100 measures of nitrogen gas and 50 measures Q 
gas, the condensation is 50 measures. On the same prhi' 
measures of nitrogen gas and 200 of oxygen gas constitw 
nitraus acid gas; and 100 measures of nitrogen and 250 a 
compose 100 of gaseous nitric acid. 

Mr. Dalton, in his " New System of Chemical Philoso^ 
given a Table of the Compounds of nitrogen and oxyg? 
differs essentially from that of Gay Lussac. This table, j 
it is unnecessary to copy, because it has been since matg 
lered by the author, who has presented it under the folloi 
Tcctcd form.* 



Nitrous oxide . 


100 + 63 


2 + 


1 


gas . . 


100 + 124 


1 + 


t 


Per-nitrous acid 


100 + 186 


2 + 


3 


Nitrous acid . 


100 -f 24B 


1 + 


2 


Nitric acid . . 


100 + 310 


2 + 


5 



,It will be obvious, from a comparison of this table with-fl 
~Bnng one, that it assigns to all the compounds of nitroget 
^%, or very nearly one fourth, more oxygen, than is sjt 
gLussac to enter into their composition. It is admittM 
ff tb&t setting out from nitrous oxide, the other com{K 

* Thomson's Annale, is. 193. 
t O represcQling oxygen, and Q 



MTHOGEN WITH OXtG^.. 

I contain proportions of oxygen, which ai'e simple multi- 
55, both in weight and in volume, of thai existing in nitrous 
The question, which is still disputed by the opponeijts of 
le theory of voliimes, is whether it be true that one volume of 

Ki^gen unites with either exactly half a volume of oxygen, or 
h exactly an equal volume, or a double volume, and so on. Ana- 
f is certainly in fai'our of this opinion; for the instances are nu- 
rous, in which gaseous bodies observe the law respecting vo- 
tes, deduced by Gay Lussac; and we have not, at present, any 
Pli ascertained exception to it. The argument, which, perhapS) 
igbs most in its favour, when applied to the combinations of 
^rpgen and oxygen, is that, assuming nitrous oxide to consist of 
|e volume of nitrogen and halfa volume of oxygen, and multi- 
ijilDg the oxygen of nitrous oxide by 5, we are led to proportions 
patituting nitric acid, which almost exactly agree with those 
duced by Dr. WoUaston from the experiments of Richter and 
illips. 

if it should, hereafter, be unquestionably established that the 
ments of the compounds of nitrogen and oxygen are truly ex- 
■^Tssed by the table of Gay Lussac, it will then follow that the 

Vber representing the atom of nitrogen (oxygen being taken at 
mast be 13, or (oxygen being 10) 17.5. In this determination, 
staken for granted that the two elements exist atom to atom in 
s oxide, and that this, and not nitrous gas, is the true binary 
apound. But if, with Mr. Dailon, we suppose nitrous oxide to 
constituted of two atoms of nitrogen to one of oxygen, we 
jat then express the weight of the atom of nitrogen, either by 
-i-2 = 6.5, or, taking oxygen at 10, by 17.5 -4-2 = 8.75, It ap- 
me, however, most probable, that the former view is tlie 
{(ircct one, and that 



"Jitrous 



consists of I atom of niti-ogen -t- I of oxygen. 

.... I ...... -1- 3 ... . 

'^r-nitrous acid . ... \ ......+ 5 ... . 

Titrous acid 1 +4.... 

itric acid 1 -fS .. : . 



I 



obvious that as the five compounds of nitrogen and oxygen, 
bich have been already described, contain the same elements, 
1 differ only in their proportion, they may be converted into each 
er, by adding or subtracting a due proportion of oxygen. Thus 
ac acid, by contact with some of the oxidizable metals, is con- 
ted into nitr:>us gas; and nitrous gas, by abstracting a farther 
iniity of oxygen, is changed into nitrous oxide. Again, by 
ling oxygen to nitrous gas, it may he reconverted into per- 
<us, nitrous, or nitric acid, according to the proportion of oxy. 
which is added, and the rircumstanccs under which the cOni- 
nation is effected. 
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seethe AppejiUw,) tlip first from experiments on the* 
nitric acid of apecific gravity 1.500 with water, in the [ 
of 95 + 5, 90 + 10, 80, + 30, kc; and the sccund from Uie- 
lationof theintemiecliatotermsby a law of progression, which IK 
be thus stated: The specific gravity of dilute acid, containing 
parts in the hundred of acid of density 1.500, is by experittU 
1,034. Taking this number as the root, ita successive powers'^ 
giveiisthesuccessive densities, at the termaor^O, 30, 40 perc« 
£cc. Thus 1054' = I.I 1 1 is the speciBc gravity corrcspondi^ 
30 strong add + 80 water; 1054^ ^ 1.234 the density of 30 stn^ 
*cid + 70 water; and hence any one term being given the vU 
series may be found. 

(A) Pure gaseous nitric acid, according to the eKperltnmta 
Sir H.Davy, published in the year I BOO, is composed in lOOgrsit 
of 29i azote, and 70J oxygen. This approximation differs h 
little from the proportions deducible from the synthetic expe 
mcnts of Cavendish, -viz. 27.8 nitrogen to 73 2 oxygen. The I&I 
results of Sir H. Davy have led him, however, to believe, ihaii! 
volume of nitrous gas and 2 of oxygen gas, when condeiued 
water, absorb I in volume of oxygen to became nitric acid. N< 
estimating the oxygen gas, existing in nitrous gas, at one hftib 
volume, and taking the speciiic gravities of oxygen and nitn^ 
f ases at the numbers already given, 100 parts by weight of "'*' 
acid will consist of 



Oxygen 

Nitroger 



loo. 



In investigating what number should be used as the 
of nitric acid. Dr. Wollaston was led to inquire into thE^S 
tion of that acid; and, from his own experiments, an^U 
Richter and Phillips, he infers the oxygen, which nitiic J 
lains, to he by weight to the nitrogen, as 50 to 17. S4. H^ 
add, as it exists in nitre, will be composed by weight o 

Oxygen . , . 74.03 ... 100 . , 
Nitrogen . , . 23.*17 ... oi . . 



JT^wi easy caculatlon, it will be found that the nltivg 
Tta of nitric acid thus constituted, is equal in voliji 
^Indies, and the oxygen to 319. But as 88 to2l9^j 
I on this view of the nitric acid, it is compg 
e of nitrogen and 3} of oxygen, which agrees v 
Sof Sir H. Davy, and with the latest determinatigt^ 



tiio Mno, 



tSOB 



Bci 



asac' These proportions appear on first view to be favoup- 
to the opinion, that nitric acid consists of two atoms of oxy- 
to one of nitrojjen; for as 75 to 25, so' is 15 (twice 7.5} lo 5-, 
number already deduced fi-oui the analysis of amiiionia, as 
iresenting the weight of the atom of nitrogen. It mtist be a^- 
iwledged, that there is some uncertainty respecting the weight 
he atom of that element. Dr. Wollaston deduces its equiva- 
; foxygen being 10) to be 17.54; and hence the atom of nitftt- 
. will bear to that of oxygen the proportion of 13.15 10 7.S; and 
ic acid, according to this view, will consist of 5 atonis of oxy- 
■^37.5, and 1 atom of nitrogen = 13.15; and its atom wiB t 
gh 50.30. Farther investigation must determine, which dt | 
sc views is most conformable to truth, 
c) Hydro-nitric acid is perfectly limpid and colourless, and 
Its white fumes, when exposed to the air. 

flf^ It gives a yellow stain to the skin. 
Vj It boils at 248" Fahrenheit, and may be distilled over, witlv- 
fany essential change. This, however, is true only of acid of 
e Specific gravity 1.43; for an acid, weaker than this, is streni*lh' 
fed by being boiled; wh.ile an acid, sti'ongei' than 1.43, bectlmes 
er hy boiling. All the, varieties of nitric acid, therefore, are 
ht, by sufficient boiling, to the specific "gravity 1.42. 
Hydro-nitric acid may be frozen by the application of H 
iciently low temperature. Like sulphuric acid, there is a cer- 
point of density, at which it most readily congeals. Mr. Cik* 
lish has described this, not by its specific gravity, but by tl 
itity of marble which it is capable of dissolving. When i 
s up four hundred and eighteen lOOOths of its weight, in 
1 its specific gravity is 1.3, the acid freezes at 2° below Fah-' 
keit. When considerably stronger and capable of dissolving 
hundred and sixty -one lODGths, it required cooling to — 41.6; 
when so much diluted as to take up only two hundred and se* 
ity-six lOOUlhs, it did not congeal tilt cooled to — 40.3.t 
y) Strong hydro-nitric acid absorbs moisture from the atmoa- 
■e; in consequence of which it increases in weight, and dimi- 
cs in specific gravity. 
A) When two parts of the acid are suddenly diluted with one 
water, an elevation of temperature is produced to aboai 112" 
irenheit; and the admixture of 58 parts by weight of acid of 
icific gravity 1.50 with 42 parts of water, both at 60" Fahren- 
L, gives a temperature of MO'',^ When more water is added 
his diluted acid, its temperature is reduced. Snow or ice added 
lie cold dilute acid is instantly liquefied, and an intense decree 
;old is produced. * 

i) It becomes coloured by exposure to the sun's light, passing 
: to a straw colour, and then to a deep oi'ange. This effect is 



• Ann. tie Chim. el Phya. i. 404, 

1 Dr. Ure, Joum, r<{ ?• 
Vol. I.— Q q 



t Pl.il. Trni 



17!!fl. 



ijution, according to La Grange, is convertett, by long keepinif, 
ito nitrate of ammonia, in conaetiuence of the decomposition of 

Nitrous gas is rather heavier than common air. One hundred 
obic inches at 55°, barometer 30°, were stated by Sir H. Davy in 
poo, to weigh 34.36, or at 60" Fahrenheit 33.80 grains. He now, 
ftwcver, gives the weiglit of 100 cubic inches at 33 grains, and 
Wice its specific gravit,y is 1.030, Berard's determination is con- 
iderably lower; viz. 1 03B8 by experiment, or 1.0364 corrected by 
nlculation. 

;fA) When well washed with water, it is not acid. It will be 
(Und not to redden the colour of litmus. This may be shown by 
itroducing a piece of paper, tinged with that substance, into a jar 
E.oitrous gas, standing inverted over water. To accomplish this, 
w paper should be fastened to the end of a glass rod or a piece 
l^istick. The colour will remain unchanged. 
*fc) It extinguishes flame, and is fatal to animals. Homberg'e 
yjophorus, howe\-er, is inflamed by it; and charcoal and phos- 
*I9FUs, introduced into it when in a state of actual combustion, 

H^tinue to bni-n vehemently, 

^{5} Mingled with hydrogen gas, it imparts a green colour to 
J Same. It docs not, however, explode with hydrogen in any 
mportion, nor with any of the varieties of carbureted hydrogen, 
(ut, when mixed with ammonia, an electric spark produces a dc' 
)Dation, as I have shown in the Philosophical Transactions fur 
— The proportions required for mutualsaturaiion are about 

leaaures of nitrous gas to 100 of ammonia. 
' W W»sf mixed with oxygen gas, red fumes arise; heat is evolv- 
3; a dinunulion takes place; and if the two gases be in proper 
^portion, and perfectly pure, they disappear entirely. Ten mea- 
ires of oxygen, Mr. Dalton asserts, may be made to condense any 
Uantily of nitrous gas, between 13 and 36 measures, accordingly 
le mixture is conducted; and Gay Lussac finds that 100 mea- 
!S of oxygen gas condense over water from 1 34 to 365 nitrous, 
in a dry glass vessel only 204, which, allowing for inaccuries, 
lay be staled at 200. In the latter case the total 300 measures 
ecome 200 of nitrous acid vapour. 

(/) The same appearances ensue, less remarkably, with at- 
Bosphcric air; and the diminution is proportionate to the quan- 
ity of oxygen gas which it contains. On this property, of its 
ondensing oxygen, but no other gas, is founded the application 
' nitrous gas to the purpose of eudsonieiry, or of ascertaining 

J purity of air. The sources of error, in its employment in 
his mooe, have hitherto been considered such as to forbid oiir 
glying implicitly on the results which it may afford. Learning, 
owever, from Mr. Daltun, that he constantly employs niinms gas 
1 determining the purity of air, atid with perfect satisfaction ai 



L..(a) By exposing common nilroiis gaB for a few days to iron 
" s, or to various otiier bodies strongly atlraciiiig oxygen, this 

s changed into tlie nitrous oxide. 
I Some nicely and experience are required to suspend the deeom- 
' jn before ii has gone loo far; in wliich case nitrogen goa is 
,ed. The sulphate of potash, being incapable of decomposing 
a oxide, is best adapted lo the conversion of nitrons gas into 
It dastic fluid. The process, in all caaes,may be suspended, when 
yjt two thirds the original bulk of the gas are left. 

g dissolving zinc, or tin, in nitric acid, diluted with 6ve or 
)>jts weight of water. Zinc, dnringthiasolution, disengages 
^ide till the acid begins to exhibit a brownish colour, when 
isa must be suspended, as nitrous gas is then formed. Rut 
r of these processes is the gas obtained sufficiently pure 
(biting its qualities. To procure It in a state of purity the 
5 process is the best adapted. 

> nitric acid, diluted with five or six parts of water, add 
p of ammonia, till the acid is saturated. Then evaporate 
jion by a gentle beat; and, to supply the waste of alkali> 
^tonally, a little ti^ure of the carbonate. The salt obtained, 
tion has cooled, is next to be put into a glass retort, 
with a sand-heat, not exceeding 440° Fahrenheit.* 
n Argand's lamp is more than suilicient, and reijuires 
■ regulation. The salt will presently liquefy, and must be 
EDtly simmering, avoiding violent ebullkioii. The gas may 
..rflected over water, and allowed to stand a few hours before 
■^ used, during which time it will deposit a white substance, and 
^%J),ecome perfectly transparent. 

'UEometer is best adapted for its reception; because all dan- 

''Bn avoided of an absorption of the waterof the trough into 

'ti and because the gas is brought into contact with a much 

mrface of water, which has the property of absorbing a 

rable proportion of the gas. On this account, water, which 

E used to confine the gas, may be kept for the same 



Rie changes that lake place, during the conversion of nitrate of , 
.monia into nitrous oxide, are the following: Nitric acid is com- 
^d of oxygen and nitrous gas; ammonia, of hydrogen and niirO' 
nn. In a high temperature, the nitrous gas combines with an 
■ditional dose of nitrogen, and forma nitrous oxide; while theoxy- 
Jm of the decomposed nitric acid unites with the hydrogen of the 
pmonia, and forms water. Water and nitrous oxide are, there- 

., the only possible results of the decomposition of nitrate of 

■nnia by heat. 

Eas, thus obtained, was termed, by the Society of Dutch 

I tbo observatioBs of Mr. Sadler (Nicholson's Jcmmal, xv. 2SG,) it 
H*'-'''^ purity of the nitrate of ammonia is of considerable impor- 
Pithat its adulteration with muriate dimiaisbes the nuantitr, and 
■• quality of tlie gas. 
loL. I._R r 



Chemists, gaseous oxide of azote; btit, for the sake of 11 
as more conformable to the nomenclature of other coi ,___ 
nitrogen, 1 shall use, wilh Sir H. Davy, the name of nitroukj 

In order to ascenain whether nitrous oxide be adulterated 1 
either common air or oxvgen gas, we may mix equal mCiLBare 
tbe^astmdcr examinaciim. and of nitrous gas. If any dinuou 
ensue, the presence of one of these may be suspected} and 
aiitoimt will show which of them is contained in it. Nitrouft 
however, is.a much m.ore common contaminationi far it i 
rated, along with nitrous oside, whenever the temperature a 
salt is raised too high. Its presence may be detected either 
diminution on the admixture o( oxygen gas; or by an absora 
being eifected, on agitating the gas with a solution of green 
phate of iron, which has no action on pure nitrous oxide> 

11. Nitrons oxide gas has the following properties; 

(fll It is considerably heavier than common air. At aboflt 
Fahrenheit and 30 inches pressure, 100 cubic inch* 
grains, or under the same pressure, and at 60" Fahrenheit i 
(Davy.) More recently Sir H. Davy has staled 100 cubic H 
to weigh between 48 and 49 grains, and hence its spei 
is very nearly 1.6. Colin makes it only 1.5204, or, c 
calculation, I.S209. On the theory that it is constituted oC' 
^volume ofnitrogen, and half a volume of oxygen, 100 c 
Uiould weigh 46J grains.f 

(A) A candle burns tn it with a brilliant flame and cr&dt 

loise. Before its extinction, the white inner flame becoDM^i 

(lOtmded with an exterior blue one. 

(c) Phoaphorus, introduced into it in a state of infJam 
tbams with increased splendour. 

Phosphorus, however, may be melted and sublimed in tl 
without alteration. It may even be touched with red hotirc 
Without being inflamed; bm whena wire intensely heated, or a 
'white hot, is applied, the phosphorus burns, or rather »[ 
with prodigious violence. 

(d) Sulphur, introduced into nitrous oxide when butnlti^*! 
feeble blue flame, is instantly extinguished; but when in a Hts 
an active inflammation, it hums with a vivid and beautiibl | 
coloured flame. 

(e) Ked hot charcoal bums in it more brilliantly than ia tl 
mospliere. When the experiment is m ' ' 

^he results of its combustion are found to be one measure of 19 

Igen gas and half a measure of carbonic acid (equivalent to k 

fciieasureof osjgenj from each measure of nitrous oxide. It^ 

' ercfore, consist of 59 parts by weight of nitrogen and 33^ 

m^ or it must contain by weight 

3 ruJI accouDt of ttiis gas. ceoEult Sir H. Dav]''B Resaarcbi 
tttud PhiliiaopLical. Ijoodoo. Jolmson, 
Hod, Thomaou's Annals, ii. lOD. 

4 Iuifldr«d cubio incbes of nitrogen gas weigh S3 grains, i 




Oxygen 

Nitrogen 



mjOn the angiposition that nitrous oxide is consUtuted ofonr Blom 4 
Vnitrogen and one of uxygen, this would make the weight of the 
n of nitrogen = 13.4; for as 33.8 to 59, so is r.5 to 13.4. 

■ y) Iron wire burns in this gas with much the same appearance 

■ in oxygen gas, but for a shorter period. 

fXs) Nilroiis oxide is rapidly absorbed by water that has been 
Bviously boiled, aliciut one thirtieth the original bulk of the gas 
maining uncondensed. A quantity of gas, equal to considerably 
rare than nine'tenths the bulk of the water, may be thus made to 
S^sappear. This property furnishes a good test of the purity of 
'Atrous oxide; for the pure gas is almost entirely absorbed by boiled 
■Bter, which has cooled without the access of air. The gas em- 
'ibyed should exceed the water three or four times in bulk, in order' ^ 
Bfibtain a saturated solution. '*■ 

■(A) Water, that has been saturated with this gas, gives it at)tl 
ain, unchanged, when heated. J 

(i) The impregnated water does not change blue vegetable 
lours. 
E.()t) It has a distinctly sweet taste, and a faint but agreeable odour, 
info Nitrous oxide is not diminished by admixture with either 
iygen or nitrous gas. 

{(») A mixture of this gas with hydrogen gas detonates loudly, 
B applying a lighted taper, or passing an electric spark. 
1 When the proportion of hydrogen is nearly equal to that of 
litrous oxide, or as 39 to 40, nitrogen gas only remains after the 
faplosion; but when the proportion of hydrogen is smaller, nitric 
■ ■ " ' » generated. In general terms, it may be stated that 
IBiineasure requires one measure of hydrogen gas, and leaves 
p.combustion one measure of nitrogen. Nitrous oxide forms, 
jfaslhave shown, Philosophical Transactions, 1809, page 444,) 
(nbustlble mixture with ammoniacal gas, 100 measures of the 
ber requiring for saturation 1 30 measures of nitrous oxide. 
J (n) Nitrous oxide is not absorbed by alkalies; but if it be brought 
|Bto contact with them, when in a nascent state, or before it has 
med the form of gas, it then enters into combination with alka- 
^e bases. Thus, when a mixture of sulphite of potash and pure 
uih is exposed to nitrous gas, the gas is disoxygcnized by the 
idphitc, and changed into nitrous oxide, which unites with the 
^ali. Wc obtain, therefore, a mixture of sulphate of potash with ,, 
i compound of nitrous oxide and alkali, the former of which nutjri] 
Ic separated by priority of crystallization. The latter is composes 
Jtabodit tliree parts of alkali, and one of nitrous oxide. It is si " 
Re in Water, has a caustic taste, of peculiar pungency; and c 
Jfcrt* vkgetabli^ blues to gi'een. Powdered charcoal) mingled with 
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it, nnd inflamed, bui-ns with bright scintillations, 
oxide is expelled from fixed alkalies by all acide, eY«il fl 
bwiic. ■ 

(ci) Animals, nhen tvholiy confined in this gas, cli« spa 
(/.) One of the most extraordinary properties of tlus>|| 
hibited by lis action on the human body, when 
lungs. When thus employed, it does not prove fatal* li 
when received into the lungs, it is mixed and diluted witlitiwi 
mospherical air present in that- organ. To administer tfa&.g 
may be introduced into an oiled silk bag or clean bladder, fm 
«d with a stop-cock, and may be breathed repeatedly fromtfaall 
and back again, as long as it will last. The sensatians thaC^ 
produced vary greatly in persons of different constitutioDBj .{ 
in general, they are highly pleasurable, and resemble those m 
dant on the pleasant period of intoxication. Great exhilat, 
an irresistible propensity to laughter, a rapid flow of vivid id( 
and an unusual fitness for muscular exertion) are the on^' 
feelings it produces. These pleasant sensations, it must be a 
are not succeeded, like those accompanying the grosser elen 
from fermented li(]uors, by any subaetiuent depression of n^ 
energy. 



JVilrous Ai:id. 

It has been a subject of controversy whetlier a 
to this denomination, and holding the same relation to the 
which the sulphurous bears to tlie sulphuric, has really e 
That the acid, obtained from nitre, has different stales of oxygl 
tion, and contains a less quantity of oxygen in proportion ta:4 
deptli of its colour, is generally admitted. But it has been t 
tended that we are to consider all these varieties as nitric « 
holding in combination variable proportions of nitrous gaat I 
the principal argument in favour of this theory is tliat the n 
stance, occasioning the colour, may be separated by the mere ^ 
plication of heat. Sir H- Davy, In the year 1800, gave the follm 
itig table, showing the proportion of nitrous gas in nitrous tcitt' j 
different colours. 

im p*ru by wtighi « 
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Prtle yellow . . 
Bright ditto 
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. . l.SO 


se.94 


•zm 


Dark orange . 


. . 1.480 


86.84 


5.56 


jB 


Light olive . . 


. . 1.479 


86. 


6.45 


^H 


JDark olive . . 


. . 1.478 


85.4 


7.1 


"^^ 


gright green . 


. . 1.476 


84.8 


7.76 


vm 


Woogreen . 


. . 1. 475 


84.6 


8. 
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• Mere dilution with water is sufficient to var^ these colours. 

rjius the dark orange-coloured acid, by dilution, passes tliroi^gh 

llie shades of blue, olive, and bright green. Nitric acid, also,. IwJ 

ibsorbing nitrous gas, has iis specific gravity diminished. Colours 

less acid, for example, when rendered of pale yellow, becom 

lighter in the proportion of 1.51 to 1.502. 

> 'It is now, however, generally admitted that the nitrous acidjq 
I much a distinct and peculiar compound as any other 
mpounds of nitrogen. 
I The proportions of its elements have been investigated by Sir ■ ' 
I. Davy,' who finds that two measures of nitrous gas and one of 
kygen, (^ 1 volume of nitrogen and 3 of oxygen), both freed 
noisture, and mixed together in a vessel previously exhaust- 
ir, are condensed into half their volume,t and form a deep 
miige- CO loured elastic fluid, which may be called nilroiis aeid 

It has the following properties; 

tA taper bums in it with considerable brilliancy. Sulphur in- 

med does not bnra in it; but phosphorus hums vividly. Char- 

il continues to burn in it with a dull red light. Water absorbs 

band gains a tint of green. It reddens litmus paper, has a eour 

Bste, a sti'ong smell, and ttirns animal substances yellow. One 

icdred cubic inches, calculating from the condensation of its ele- 

Rents assumed by Davy, must weigh 65.3 grains, at mean tempera- 

tirc and pressure, and it must contain in 100 grains, 



Nitr. 



30.32 



is necessary than to 
becomes first green, 
i or less deep. The 
blue by adding more 
erely on the circum- 

s remarks, t differ 



■ To form liquid nitrous acid, nothing m 
" irate water with this vapour. The wa 
I blue, and finally an orange colour ii 
r may be brought to the state of greer 
!SB water. Hence the colour depends 
e of density. 
• The properties of liquid nitrons acid, Bi 
>cini those of nitric acid; for while the latter boils at 336°, 
Bid of the same density boils at 160°. The purely acid part he 
nnsiders to be composed of o6.9 nitrogen -(- 63.1 oxygen. Witb 
Bses, It forms a class of salts, which, he asserts, differ entirely 
vm those containing nitric acid. On the other hand, we have the 
■Btimony of Gap Lussac that the nitrous acid is decomposed with 
I much facility by contact with alkaline solutions, as to be inca- 

ElenentB of Chem. Philosophy. 

Gay Lussac xtates tbe coDdcnsation at two thitili flflhe volume of Oiv 

;ture. Ann. de Chim. « phys. i, 403. 

ISAnn. deChim. 10. 



of the nitre, which alkali ia present in saf&cient quantity to 
b only a part of the acid produced. The greater part of the 
(rill be condensed on the inner surface of the glass bellj and 
water, which will thus become intensely acid. The opera* 
lay be repeated three or four limes, using the same portion 
ter- When the water is partly expelled, by evaporation in a 
idish, concentrated sulphuric acid remains, which haa been 
d by the union of the o^yg^en of the nitre, and that of the at- 
lerical air, vvith the sulphur submitted to expenmeot. By a 
;ess of this kind, conducted on a large scale, and in extensive 
I chambers, the sulphuric acid of commerce is prepared. The 
.acid, resulting from the union of the condensed vapour of 
iming materials, with the stratum of water at the bottom of 
lamber, is first boiled down in part in shallow leaden vessels, 
, then transferred into glass retorts, where it is farther con- 
ited by the continued application of heat. 
.memoir of Clement and Desormes, published in Nicholson's 
il, ^vU. 41, it is proved, that the nitre does not furnish above 
nth part of the osygen, required for the conversion of aul- 
nio sulphuric acid, and that the rest of the oxygen is derived 
iie atmospherical air of the chamber. Sulphurous acid, Ihey 
Be, is in the first instance formed by the combustion of the 
in and, at the same moment, nitrous gas is evolved from the 
rgenation of the nitric acid contained in the saltpetre. This 
gas< uniting with the atmospheric oxygen^ composes ni- 
:td gas, which, when water is present, has the property of 
■ting sulphurous into sulphuric acid, and of returning, at the 
ime, to the state of nitrous gas. The same process is repeat- 
d thus the same portion of nitrous gas acts reppatedly as an 
ledium between the sulphur, previously changed into sul- 

;id, and the atmospheric oxygen. 
A mixture of three parts of powdered nitre, two of carbo- 
f potash, or common salt of tartar, and one part of sulphur, 
(irately mixed together, forma KYicfuiminalingfiowder, which 
les with a loud noise, when laid on an iron heated below red- 

A mixture of five parts of powdered nitre, one part of aul- 
and one of powdered charcoal, composes gunfw'ontcr. The 
are first very finely powdered separately, ilien mixed up 
and beaten with a wooden pestle, a sufficient quantity of 
ig added to prevent an explosion. The mixture ia afler- 
p^nulated, by passing through sieves, and dried very cau- 

Proeessfor Jtreflaring JVit, 
ite of potash is decomposed by sulphuric acid, which com; 
ith the potash, and expels the nitric acid. Put Into a glass 




the preparation of giinpowdi 
iholson's Journal, 
Vol. I.— S d 



bent i(ii)c may be liittd.Iuniiinalinj; under one (iflhe inv 
iiels ill tlie sliclf of the piicunialic trough. Apply heal 
tori, through the tnterveiitiou of a sanil-bath. The Kra 
that passes into the receiver, is )i;en<;rally of a red culuui 
ainokiiii; tjiiulity. These uppoaruncc^ ;;radually diiiiini 
the luuteriats used were clean, the acid will conic over 
even eolourlcss. Aflcnvards it gradually rc-asi,unics a r 
and Hnioking property; which ap|>carances go on iucr 
the end of the operutiun; and the whole product, mingtet 
has cither a yellow or au orange colour, according to thi 
ture employed. 

The proportions recommenilcd in the new London 1 
poeia for the preparation of nitric acid are two pounds ol 
potash, deprived by heat of its water of crystallizatioi 
pounds of sulphuric acid. These are directed to be n 
glass retort, and distilled in a sand'bath, until a red vap 
The acid in the receiver la to be mixed with an ounce o 
potash, and again distilled in a similar manner. After i 
distillation its specific gravity is 1.500; and one (luld-o 
Phillips finds, decomposes 476 grains of marble. But he 
the proportion of sulphuric acid, in the process of the ( 
unnecessarily large. If, however, it be required to deco 
whole of any portion of nitre, it is necessary to use as 
ph uric acid, as will form, with the alkali of the nitre, su/le 
orpotash,T'Jz. 97 parts ol acid, of density 1.8S,to lOOpart 

The nitric acid which first passes over, has the gi-eatc 
gravity. In an esperiment of Dr. Perceval of Dublin, tl 
was taken in three portions; the first of which bad the sp 
vity of 1.494, the second of 1.485, and the third of 1.4 



ige ofpropcr condei 
cd dauble aquJ foi'li 



I sH-eni^th oElhe add is ^ 

r into the receiver. Whatii.- 
its specific jji'avity from l.sl 



d, obtained by.tliis process, is never perfectly piirej 

oiitains, generally, both sulphuric and muriatic acids; the for- ■ 

of which is indicated by a white precipitate, on adding u aolu-,j 

of nitrate of baryies to a little of the acid, dilated with a or ll 

s of water; and the latter, by a milltiiieas produced by nitrate o 

:r. The sulphuric acid may be separated, cither by a secom 

llalion from a portion of very pure niire, equal in weight to 

ighth of that originally employed, or by adding nitrate of 

s; allowing the precipitate to settle; decanting the clear 

, and distilling it. Muriatic acid is separated by the addition 

Urate of silver. An imniediate miliiiness ensues, and fresh 



of silv. 



slonf 



appearance. Then allow the precipitate to subside; decaot 
clear liquid, and re-distil it; leaving one eighth or one tenth 
le retort. The product will be pure nitric acid. Nitrate of 
tnay be substituted for nitrate of ailver.^ The nitric acid may 
be obtained free from muriatic acid, if a perfectly pure nitrate 
otash be employed for distillation. This purification is effect- I 
\y repeated solutions of the nitre, in boiling distilled watert J 
re -cry s tall iz ai ion s . 
'Uric acid obtained in this manner is deficient also in anolber J 
ect, for it is not perfectly oxygenated, but holds in solutjoo a 
lidemble quantity of nitrous acid. To expel ttie latter, put 
acid into a retort, to which a receiver is applied, the two vessels 
being hited, but joined merely by paper. Apply a very gentle 
for several hours to the retort, changing the receiver as soon 
becomes filled with red vapours. The nitrous gas will thus 
expelled, and the acid will remain in the retort in a state of 
.ly, and as limpid and colourless aa water. It must be kepi in j 
aUle secluded from the light, 
'ne hundred parts of nitrate of potash, according to La Grange, J 
d by this process 43 of acid, or, according to my experience, \ 

30; but, if the process of the College be followed, 100 of 
id nitre afford about 66i of acid. Even this, however, is not the 
lie of what waa contained in the salt; for a part is decomposed 
he temperature necessary to the operation. Accordingly, a 
antity of oxygen gaa is disengaged during the dislillatii 
be collected by an obvious addition to the apparatus- 
; retort, there remains a compound of potash with nn 
c acid than is essential to its saturation, or a super-sulpbatd 
loiash. On submitting this to a pretiy strong heal, the excest 
ulphuric acid is expelled; and the residue, dissolved and evit^ 
ed, aflbrds crystalliaed sulphate of potash. 

■*6ee Nicholson's Juurual, ki, 13-) 



Art. 2.— Al/roM qf Soda. 

I. This salt may be formed, by saturating carbonate ol 
with nitric acid; or by distilling common salt with three fourth*' 
its weight of nitric acid. When the fcrmei' process is adopted) 
the solution must be evaporated, till a pellicle appears on its sui^ 
face, and then allowed to coo!. Crystals will be produced, having 
the shape of rhomboids, or rhamboidal prisms. 

II. These crystals have a taste like that of saltpeire, but mo 
intense. They are soluble in three parts of water at 60", and 
less than an equal weight of boiling water. They attract moistitre 
from the atmosphere. In other respects, in the means by whicL 
their decomposition is effected and its results, they agree with ibt' 
Iiitrate of potash. The only use of nitrate of soda is, perhaps, that 
which has been suggested by Proust, who has found it to be mort 
economical in the making of tire-works than nitrate of potashJ 

i, according to Dalton, of 



Art. 3. — Mtrate qfJnimania. 

I. The most simple mode of preparing this salt is by 
tarbonate of ammonia to dilute nitric acid, till saturation ha 
place. If the liquor be evaporated, by a heat between 7o' 

100°, to a certain extent, it shoots, on cooling, into crystals, havi 
the shape of six-sided prisms, terminated by long six-sided i 
mids. Evaporated at a temperature of 212°, it yields 
thin fibrous crystals; and when the evaporation is carried t 
that the salt immediately concretes ,on a glass rod by cod 
then forms a compact and shapeless mass. 

II. The solubility of this sah varies, according to the 1, 
ture in which it has been formed. When in crystals, it i 
twice Us weight of water, for solution, or iialf its weight oE 
water. It deliquiates, in all its forma, when exposed to tbcl 
phcre. 

ill. The most important property of this salt is th 
has been already described, -viz. of yielding, when decomp 
heat, the nitrous oxide. One pound of the compact kind b 
careful decomposition, nearly five cubic feet of gas, or ratK« 
than 34 doses; so that the expense, estimating the salt at 5^ 
the pound, is about 2d. for each dose. 

IV. In a temperature of 600" this salt explodes, and is enii 
decomposed. Hence it was formerly called nilrun^fiammant. 

'Nioholsoa'a Jpurnal, XF. 262. See also S Ado. de Cliim. et Pbys. 9 



, Its composUion varies according to the mode of its prepara;- I 
I aud is stated bj- Sir H. Davy as Iblloivs; 

Prism «)!<:■ Fib rem. Campaet. 

sy.s . . . 72.S . . . T4.5 acid 

IB. 4 , . , 19.3 . , . 19.8 

13.1 ., . 8.2 ., . 5.7 water 



100. 



100. 



ioo, 



The prismatic variety is stated by Berzelius,* who investigftte 
" ^ carefully the results of its decomposition, to cotisist o*" 

67.625 acid 

31. U3 base 

11.232 water 

100. 



Aht. 4. — JVitralc of Barytes. 

Nitrate of harytes may be prepared, by dissolving either the ar-J 
ial or native carbonate in nitric acid, diluted with cigiit o 

^ of water. If the artificial carbonate be employed, tt should "* 

-previously well washed with distilled water, till the washings 
^^ o precipitate ^nitrate of silver. A solution of nitrate of 

ytes, mixed with one of silver, should continue perfectly trans- 
BErent. On evaporation, it yields regular octahedrons, often ad- 
Iiering to each other in the form of stars; and sometimes it is ob- 
tained in small brilliant plates. It requires foi 
its weight of water at 60°, and three or four parts of boiling w 
It is not altered by exposure to the air. In a red heal its acid is 
decomposed, and the earth remains pure. This furnishes another 
method of procuring pure barytes; but the heat must not be car- 
ried too far, otherwise the barytes is apt to vitrify with the cruci- 
ble. The residue, on the addilion of water, dissolves with greatj 
heat and noise, and the solution, on cooling, yields crystals of pure J 
barytes. 

Nitrate of barytes is composed, in 100 parts, according to C 
ment and Desoi-mes, of 60 base, and 40 acid and water. Mr. James 
Thomson states its composition to be 



This scarcely differs from the determination o 
■38.46baBe+ 4I,S4 acid, and no water. 



*80Atin. deChim. 182.' 



ihaped crystals, crossing each otlier irregularly. These crystals 
liquiate in Che air, and are aulubic in half their weiijht of water, 
hen exposed to the heat of ignition, they fiise; a few bubbles of 
1 gas first escape; and the nitric acid then passes undecom- 
sed. The salt conlatns, exclusive vf water, accarding to Utdton, 
acid + 31 base. 

Art. 8, — McraCe of jfluminc. 

This salt is but little known. It may be formed by the solution 
fresh precipitated alumina, which has been well washed with 
listilled water, but nol dried in diluted nitric acid, with the as- 
Utance of heat. The solution, which has always an excess of 
rati, after evaporation, crystallizes in thin ductile plates. The 
ystals are CKiretnely soluble; and, on the application of a high 
mperature, abandon their acid. They arc decomposed by most 
talicB and earths. Pure potash, added in excess, re-dissolves the 
ccipitate. 

Art. 9.—JVitrate o/Glucnie. 

The nitrate of glucine is a sweet tasted salt, which cannot be 
ought to crystallize. When evaporated to dryness, it rapidly 
isorbs moisture from the atmosphere. It is soluble in alcohol. 

higli temperature ilecompases it) without cfTectins its previoua 



Art. 10.— JVtlrale of Zircon 

The nitric acid dissolves, but cannot be saturated with, fresh 
rccipjtated zircon. The solution has always an excess of acid. 
Then evaporated, it forms a yellowish transparent mass, extreme- 
tenacious and viscid, and difficultly dried. It has a styptic as- 
ingent taste, and leaves on the tongue a thick subslatkcc, in con- 
iquence of its partial decomposition by the saliva. This dry 
itrate is extremely soluble. The solution is decomposed by sul- 
huric acid, and by carbonate of ammonia, which throw down % 
irecipitate soluble in an excess of the acid, or of the carbonate. 
Tincture of galls forms a white precipitate, which is soluble in an 
ixcessof the tincture. 

Art, \\.~Mtra(e qf Yttria 
May be (ircpared by dissolving yttria in nitric acid. The srft^ 
on has a sweetish astringent taste; and, in most properties re- 
nnbles nitrate of glucine. It can scarcely be obtained in crystals; 
id if too great a heat be applied during evaporation, the salt be- 
iniea soft, assumes the appearance of honey, and concretes on 
ioling, into a hard stony mass. Exposed to the air, it altract.i 
loisture, and is resolved into a liquid, 



JVitrites. 

The easiest made of ubtaioing the salts, wliidi by someM 
considered as nitrites, is to deprive tJie acid, coDtained V 
trat«s. of part of its oxrain, bj exposure for a short time tr 
perature of ignition. Tliis metiiod, it must be obvious, (_ 
used with those nitrates thttt abandun their acid on the apillll 
hear, or which, like nitrate of ammonia, are completely deol 

Nitrate of potash, after ignition in a crucible, emits, S ' 
dered, a smell of nitrous ^as. When diluted nitric acid, i 
tic acid, is poured upon it, vapours of nitrons acid Are i 
and hence it appeal's, that the alfinlty of this acid for its h 
kened by partial dis-oiygenntion; for no such effect arises 
these acids to the nilratc. The solutioD of the salt in water 
the syrup of violets to green. Its other properties are [ittiii 

It has, however, been already stated in the section on nit< 
that the existence of such a class of suits a^ the nitrites is e 
questionable. 



CHAPTER XIV. 



COMPOUNDS. 

THERE are few subjects, respecting which the opiniona m 
mists have undei^one such frequent chans;es, as concerning^j 
turc of chlorine. The view originally taken by Scheeie, thap 
Dua discoverer of this substance, was, tliat the muriatic acid ig 
pound of a certain base and an imaginary principle called a 
and tliat by tlie action of certain bodies, it becomes depkto^ .. 

or deprived of that supposed principle of iDllammabilify,* 

afterwards found, however, that all bodies, which are capable of pr»1 
ducingthis change in muriatic acid, contain oxygen, and that meirl 
proportion of oxygen is diminished by the process. It appeared,! 
therefoi-e, to be an obvious conclusion, that what takes place in the I 
iction of metallic oxides on muriatic acid is simply the transference I 
of osygen from the oxide to the muriatic acid; and conformably witti I 
"'" "b Uieory, the resulting ms received the name of oiry-^muriatie acU. I 
" " Dav^ was led, by his earlier experiments, to modify, in some^ 
I this view of tlie theory of the operation; and to consider thfcl 
'c acid as a compound of a. certain basis witli water, and t' 

' On Mnnganese, ^ xsiii. siiv. 



•muriatic as a compaund of tlie same basis with oxygen. TTiis 
lification waa rendered necessary liy the fact, that when a metxl- 
iside is lieated in muriatic acid gas, oxymuriatic acid is obtained, 
water appears in a separate state; It was evident, therefore, that 
jatic acid gas must either coutun water ready fonned; or theete- 
its of watarj or hydrogen, capable of coraposinw water with the 
of the oxide. But, nt a subsequent period, that distinguished 
osopher was induced, by the experiments of Gay Iiuasac and 
;nard, as well as by his own, to form a different theory on the 
[ect. Oxy-muriatic acid, he now considers as a simple or unde- 
(pounded substance; and muriatic acid, as a compound of that 
pie substance with hydrogen. To convert the muriatic acid into- 
^■ine, we have only, according to this view, to abstract hydr<^n 
a the muriatic acid; and this, it is supposed, is all that is effected 
tite action of those oxides, which are adapted to tlie purpose. 
, to convert chlorine into muriatic acid, we have only to sup- 
■ it with hydrogen; and accordingly the simple mixture of one 
■e of each ofthose gases, when exposed for u short time to the 
|?8 raya, or exploded by an electric spark, affords two measures of 
riatic acid gas. 

, The oxy-muriatic acid or chlorine (as Sir H. Davy proposes to call 
'n order to avoid all connection of its name with hypothetical 
vs) is supposed, also, to unite tit once with the metals, without 
lequirin^, like the sulphuric or nitric acid, that the metals sliould 
rat be m the state of oxides. In proof of this theory, it appears to 
suMckntly established, that no oxjD;en can be obtained eitlier 
e, or in combination with combustible bodies added for the pur- 
, from the compounds of chlorine and metals. The analyses, 
vever, of the metallic muriates, as they were formerly considered, 
iin unimpeached by this change of theory. All tliat is neces- 
, to transmute in idea a muriate into a compound of chlorine, is 
deduct the oxygen from the metallic oxide; and, adding it to the 
Iriatic acid, to consider the sum as chlorine. Fur example, muri- 
e of soda, deprived of all water, consists 

On-the old theory, of muriatic acid ... 46 

Soda composed of . . Js„^J|,^° [ \ JJjJ 





lilloii thiit the oxy-murintic scid is a compounil of muriatic aciil and 
:n, it must be constituted as follows : 
Osy^n . . . 22.65 . . 100. 
Muriatic ai:id . 77.35 . . 341.5 

100. 

*TTiis would indicate the weight of the atom of muriatic acid to j| 
arly26; and adding an atom of o;<ygen, the compound atom | 
r-muriatic acid would still weigii 33.5. . 

^remarkable fact, respecting the mutual action of oxy'mumtic 
1 and hydrogen gases, was discovered by Gny Lussac, and, witli- 
:any knowledge of his experiments, by Mr. Dalton. A mixture of 
: two gases, in equal volumes, is slowly condensed under oi-dinary 
Dumstances; but if the direct rays of^fhe sun happen to fall oti 
" mixture, the two gases diminish with considerable rapidity; and, 
he quantity be large, they even explode. This is a striking in- 
Bce of the agency o( lig^it in promoting chemical union. Blue light 
"Dore effective in producing the condensation than red, but neiwer 
asiotiB the rapid combustion, which is excited by the direct rays, of 
sun.* It is probable, tliat in this case, the combination is ifa- 
Tcd by increase of temperature, which was ascertiuned by Sir H. 
r; to augment the combustibility of mixtures of oxy^nand hydro- 
gases. According to Grotthus, a mixture of chlorine and hydro- 
qeases to explode by electricity when rarefied six times, but Sir 
Davy found it to be still explosive when rai<efied no less than 24 

Muriatic Acid Gas and its Solution in Water. 

, The muriatic acid, in its purest form, exists in the state of a eas,, 
s permanent over mercuiy only. For exhibiting its properties^ 

■efore, a mercurial apparatus is absolutely necessary. 

^o obtain muriatic acid gas by a more easy method tlian the direct 

m of chlorine and hydrc^en gases, let the tubulated gas bottle 
. fig. 17) be about one-fourth, or one-tliird, filled witli well 

:d muriate of soda (common salt) in lumps, not in powder. To 
B adapt tlie acid-holder, filled witl» concentrated sulphuric acid; 
And let the aperture of tlie bent pipe t«rnunute under a Jar filled with, 
lind inverted in, quicksilver. Open the communication between tlie 
'bcid and the salt, by turning tlie cock; and immediately on the con- 
tact of these two bodies, an immense quantity of muriatic acid gas 
Vill be disengaged. A common or tubulated gas bottle, or tubulated 
'retort, will answer sufficiently well for procuring the gas. The first 
.portions, that come over, may be allowed to escape under a cliimiiej: 
Aecause they are contaminated by the admixture of common ajv 
^present in tlie bottle. The subsequent portions may be pteser^'cd foq 
iSSb; and ttie pure gas will exhibit the following qualities; 



' Seebcok, SiNiclmlaon's Journal, p. a^'O. 



sium act on water nr on muriatic acid, in ench case an atom of hy- 
gen will be iliseui^ed; since the metal mast attract to itself 
ler an atom of osjgen or of chlorine. 

Various expedients were tried, by Sir H. Davy, to obtiiin muriatic 
i from perfectly dry maleriiils, with the view to determine, whether 
taasium is capable of Het'icliitig hydrogen from gas so prepared, 
( it was found that materials, wliich when moist are capable of af- 
ling muriatii: acid, yield no gas wiiataoever, when in a perfectly 
■ state. None, for exitmple, could be obtained by strongly heating 
lixtiire of dry phosphoric or boracic acid with dry muriate of limei 
ia feet would appear, on first view, Favourable to the opinion, that 
ter is essential to tlie constitution of muriatic acid gas. But it ig 
My consistent with the theory of chlorine; for, according to that 
Di'y, no compound of chlorine and a metallic base can yield muria- 
,acid, till hydrogen is supplied with which tlie chlorine may unite, 
nuriatic acid gas contained water as an essential element, it might 
expected that water should be separated by the artiun of certain 



1 the 



gasil 



lenta in proof of this have been advanced by Dr. Murray and t 
i,* yet, on repeating those experiments, soui'ces of fallacy have 
n discovered by Sir H. Davy, which had escaped their authors; 
d the moisture has been traced to the union of oxygen derived 
m unsuspected sources with the hydrogen of the muriatic acid.t 
(h) When muriatic acid gas is electrified in contact only witli glass, 

means of an apparatus which 1 have described in the Phil. Trans. 

1813, chlorine and hydn^n i^ases are found, after the expen- 
!nt, in ((uantity never exceeding l-SSth the original bulk of the 
), This result may either be explained by supposing that tiie water 

muriatic acid gas is decomposed, and that the osygen unites witii 
sacid, while the hydrogen is liberated; or it may be accounted for 

the new theory, which requires nothing more than the separatioTi 
the chlorine and hydrt^n, constituting muriatic acid, by the agency 

the electric fluid. Tiiey cannot, however, esist together in a 
eater proportion than l-35th to tlie whole mixture, without re- 
iling and reforming muriatic acid. When the experiment is made 
er mercury, the chlorine combines with that metal, and a mixture 
'muriatic acid and hydrogen gases remains, from which water ab- 
■bs the former, leaving the hydrogen pure. 

(i) When muriatic acid gas and oxygen gases are electrified to- 
ither, osy-muriatic acid is formed, directly, as the old theory would 

tiiain, by the union of the acid with oxygen; or, as the tlieory of 
orine teaches, the osygen unite» with the hydrogen of muriatic 
lid gas, and merely liberates chlorine, 

(fe) Muriatic acifi gas and nitrous acid have no action on each 
' ler, and are incapalSe of forming aoua regia. But when colourless 
ric acid and muriatic gas dissolvea by water are brought into con- 
it, the hydrogen of the muriatic acid, according to Sir H. Davy, de- 
;hes the oxj^n of the nitric acid, und the clilorine of the former 

• Edin. Trans. ^ Phil Trans, 1S13. p. IW. 



WITH oxrGEN. 

Guchlorinc destroys vegetable colours! but it first gtvesJ 
tint of red. 

In almost all cases of vivid combustion, Uiere i 
the botife» which unite; but in the decomposition of euchlis 
heat, we have tlie remarkable phenomenon of an explosion, m 
paiiicd with hent aiul lig^t, and an expansion of tlie elements, i 
are sepaiated from each other. 

Per-oxidf, of Chlorine. 

Another compound of chlorine ami oxygen, containins a ltl\ 
proportion than euchlorine, ofthe latter clement, lias been discovq 
by sir H. Davy,* and has since been made the sul^ect of a seriei 
eiperimcnts by Count S lad ion of Vienna.t As it exhibits now 
properties, it may be called per-ojcide. of ckhrine. 

To procure it, 50 or 60 grains of the powdered chlorate or hjj»| 
oxymuriate of potash, are to be mixed with a small t[uantiiy of i 
ccntrateii sulplmric acid. When thoroughly incorpora.tea, a b 
maNS will result, of a bright orange colour. This is to be introdu 
into a small retort of glass, which is to be exposed to the heat 
water gradually warmed, but prevented from attaining the beihl 
noint, by au adminture of spirit of wine. Count Stadion obtatnsi 
by fusing u em»ll quantity of chlorate (hyper-osymuriate) of potti 
in a rclort. Over this, when cool, he poured concentrated auldlD 
acid, and exposed the retort to water for three hours, graoHl 
raining its temperature to 212°, The gas may be received over a" 
ciiry,on which it hasnoaction At common temperatures. 

It has a lively yellow colour, much more brilliant than ti»f 
euchlorine; is much more i-apidly absorbed by water; and hi 
peculiar aromatic smell, not mixed with any smell of chlorine, 
cording to Davy, it destroys vegetable blue colours, without 
reddening them i but Count Stadion asserts that it docs not cL 
blue paper. When heated to about the temperature of 214° F 
or. accoi-ding to Count Stadion, to between 1 1 S° and 144°, it eiplod 
with raort! violence, and a greater cxpanBinn of volume, than eudl 
rine, producing much ligliL After explosion over mercury, from! 
to 2.9 volumes appear, for every two of gas decomposed; at^ 
tiiese, two, as Count Stadion, also, admits, are oxygen and ihbri 
uhlarine. A little chjorine is absorbed, however, by the mercf 
aand it is reasonable, Sir H. Davy thinks, to conclude that th« S) 

Si is, in reality, composed of two in volume of oxyven,^ 
orine, condensed into two volumes. If this be correct 1 
I consist, by weight, of one atom of chlorine 33.5, antt fi 
foxygen SO, and its atom will weigh 63.5. But if. as StaHI 
it-|(ivea two volumesof chlorine and three of oxygen, iCdM 
if one atom of chlorine and only three of oxygen. *\ 

itcomposed, at common temperatures, by no combl^M 



Ipdj, except phospKorus, which occasions an explosion when intro- 
bf^d into it, and hums. In tlie liberated gases, with great brilliancy. 
^ Its saturated solution in water, whicli contains seven voluiues of 
ji, is of a deep yL-Ilow colour. It does not taste sour, but extreraetf 
fringent and corroding; and it leaves on the tongue a disagreeable 
ii lasting impression. The solution may be kept in tJie dark un- 
iiui|ed, but when exposed to the sun's rays it is decomposed, and 
"^lorine and chloric acid are obtained. ' 

Chloric Acid. 

^ third compound of chlorine and oxygen was pointed out by Mr. 
snevix, some time before it was obtained in a separate form, as ex- 
'u; in the class of salts called hypei>oxyinunutes. For the method 
ijlibiiing it in a distinct state, we are indebted to Vauquelin* and 
• Lussact The following is the process; To a solution of pure 
rate of barytes (the mode of preparing which will be described in 
4. sect. 4), add by degrees dilute sulphuric acid, as long as it oc- 
iphs anj precipitation. This separates the barytes, and leaves the 
'ric acid combined with water only. His important to add no 
it sulphuric acid than is barely sufficient; for the slightest excess 

Hers the chloric acid impure. If the right quantity has been used, 
iquid obtained should remain perfectly transparent, when, taking 
separate portions of !t, we add to the one dilute sulphuric acid, 
.'tp the other chlorate of barytes. If either of these agents occa- 
ia a precipitate, we must add it by degrees till the eflect ceases. 
e clear liquid is then to be decanted by a syphon, and reserved for 
It is a solution of chloric acid in water; and has the following 
^rties: 

. It is free from colour; its taste is acid and astringent; and its 
Ui whun concentrated and a little heated, is moderately pungent. 
reddens tlie infusion of litmus. Paper stained with litmus, 
it docs not immediately lose its colour, yet is deprived of it in 
^r or two if left in the lic|utd; or more rapidly if taken out of the 
nd and exposed to the air, in consequence of the solution becora- 
tnore concentrated, 

". It does not precipitate eitlier silver, mercury, or lead, from their 
iltion in nitric acid. 

4, It is volatilized by heat, but not without a partial decompositioa 
i. chlorine and oxygen. Hence it afterwards precipitates the nitrate 
iWer. 

, Muriatic acid decomposes it, and both acids, if mixed in ju>t 
jwrtjon, are changed entirely into chlorine. On the old theory, 
^ of the oxygen of the chloric acid passes to the muriatic acid, and 
igenates it. On the new theory of chlorine, the oxy|;en of tha 
Dfic acid unites with the hydrogen of the muriatic acid, and the 
arine, pre-existing in both, is thus developed. 
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CHLOntMS WITK OXVaKK. 

6. Oliloric ttcid is decompoged, also, by sulpliuretted hyi.. 
by sulphurous acid. In llie first cuee, chlorine and sulpoufj 
rated, and water is formed. In thcs<.'ct)nd, aulpliuric acid 11 
and chlorine act at liberty. Nope of the acids, winch are^ 
with osygeii have any action on chloric acid. 

7. All (he metals that are capable of decnrnpoaina \ 
pose also the chloric acid, and afford compounds of cUoriS 
metallic oxide. 

According to the experiments of Vauquelin, chloric i 
posed of 

Chlorine .... 35 ... 100 . 
Osjgen .... 65 ... 185 . 



This determination diflers materially from that of ( _, 
according to wliom 33.3Q4 oxygen convert 3S.9S4 chlorine inj 
acid, anif hence it should be composed of 

Chlorine .... 4"3 . . . 
Oxygen .... 52.7 . . . 

100. 

ic result of Gay I.ussac is bj much the more probable d 
_ il would make the chloric consist of 1 atom of chlorine 4 
of Dxyeen, wliile Vauquelin's numbei-s would indicate no Im 
ntoms of oxygen. Mr. Chenevix formerly stated the comp 
the hype r-oxy muriatic or chloric acid to be 65 oxygen + ST^ 
acid. To accunimodate tliis view to the new theory, 10.4 t 
■tie oxygen and added to the muriatic acid will give ASA \ 
lliirohers not very different from those of Gay Luasac. 

It is proper, however, to add tliat the existence of a si_ 
UiuUou of chlorine and oxygen has been denied by Sir H. X 
ujiDsiders the liciuid, obtained by Gay Lussac, as constitute 
pnpoitioDs {atoms) of hydrogen, one of chlorine and 8 
Tft tliia, the latter has replied, tliat the hydrt^en is not au 9 
the acid itself, but of water with which the acid ii 

e with liquid sulphuric and nitric acids. The reader, 
^ ftn interest in tliis controversy, may Riid it in the first 1 
^*Tnale8 de Chimie et de Physique, and of the 'Journal of Su^ 
*~(»S lind tJie ailment for tht esisfence of hydrogen ■ 
fi an essential and acidifying principle, and not as a o" 
Xill&s, also, been ably supported by Dr. Murray, ii 
■ nfthe Edinburgh Transacdons. 



PtT-chlaric Acid. 



/i 



oing peroxide of chlorine by Sir H. Da ^rt ofl^ 
k process, a peculiar salt is formed, which ^ag first D 



qr die latter philosopher. It is m'lKed with bisulphate of potash, 
"itch may be separated by a second crystallization, and the peculiar 
It then appears in octohedral crystals. It requires 55 tunes its 
sight of water at 60° for solution, but dissolves freely in boiling 
iter. In alcohol it is quite insoluble. When distilled with an 
[iiai weight of sulphuric acid, at a temperature of 280° Faht. it is 
icomposed; and an acid (of whose properties, however, we have not 
distinct account) may be distilled over. When the salt is distilled 
,one at 412°, it h converted into chloride of potassium (dry muriate 

rpotash)and oxy^n gas, in the following proportions. One hundred 

larts by weight afford 



Muriate of potash 
Oxygen . . , 



54.08 containing 
45.92 



(28.49 potassium 
^35.59 chlorine 



100. 




Hence it appears that 25.59 chlorine are united with 45.93 osye;pn, 
iiich is nearly in the proportion of 33.5 chlotine to 58 osyjren. Now 
have ap-eed with the proportion of seven atoms of oxj^n, the last 
entioned number should have been 52.5; and if we suppose the 
Ljgen a little over-rated, which may very probably be the case in a, 
impound so imperfectly investigated, the per-chloric acid will then 
inaJBt of one atom of chlorine = 33.5, united with seven atoms of 
Lygen = 59.5 ; and the weight of its atom will be 86. 



SECTION in. 
Chlorine with JV^irogen. 



Chlorine has no action whatsoever on nitnffien gas, nor on nitrous 
ps or nitrous oxide, when both gases are perfectly dry; but a cora- 
kiund of chlorine and nitrogen may be formed, by passing chlorine 
ias through a solution of nitrate of ammonia, or of almost any ammo- 
li&cal salt, of the temperature of 40° to 50° Fahrenheit. The chlo- 
ine gas is rapidly absorbed, and a film appears on the surface, which 
oon collects into yellowish drops, that sink to the bottom of the 
iquor. 

This yellowish and oily fluid is the most powerfully detonating 
mmpound vrith which we are acquainted. When gently warmed, it 
txplodes with BO much violence, that it is not safe to employ a quan- 
ity larger than a grain of mustard seed. Its discoverer, M. Dulong," 
nas severely wounded in his first experiments on this substance; and 
iir H; Dav^ had a senous injuiy done to his eyes in repeating them, 
it.is expedient, therefore, to proceed with great caution. 

• See Ann. de Chim, vul. 85. 



When a globiile of this fluid is llirou-n into olive oil, i 
or naphtha, it ex^ilotlea even without heat, and su violei 
gtmtter any ^lass vessel The same eflect ensues, when i^ 
phusphorua, or plii»phorized alcohol or ether; but pure alec 
to ditprive it of its explosive property, iind renders it a i,, 
matter. The specific gravity of the fluid. Sir H. Davy li% 
Diinetl fo be l£5S, water being 1. It is not coui^ledt byM 
to the cold produced by sqow and muriate of lime. 

The products of its detonation are chlorine and i 
but it is impossible to determine the bulk of those elements «. 
aiTorded by a given weight. The best metliod of analyzine |l 
its action on mercury, which unites witli the chloiine, anad 
nitriwen free. From various experimenla of Uiis kind. Sir 
concludes that it is composed of four in volume of chlorine 
volume of nitrogen, or of 

Chlorine 91.3 

Nitrogen a.S 



These proportions correspond best with the opinion, that in 
stituted of one atom of nitrogen to two atoms of chlorine ; bti ' 
incidence is not so exact, as in tlie case of some otiier cw 
and tlic analysis requires confirmatioTi. 

Chlorine and nitrous gases, separately dried by solid i 
Ume, do not combine on admixture; but when moisture ift'H 
the chlorine decomposes water, forming; muriatic acid witb H 
gen, while its oxygen condenses the nitrous gas. 



Chlorine with the Metals of the Mkalies and Earths, and fl 
Oxides of those -Msta/s. 

When potassium is heated in chlorine gas, it bums much B 
vidly than in osys;en; each grain absorbs 1. 1 cubic inch of f 
and a neutral compound is formed, precisely resembling thM 
resuUs from heating potassium in dry inuiiatic acid gaS- j, 
8 in chlorine with similar appearances, and condenses-^ 
h of the gaSi as is absorbed by an equal weight of potass^" 
ften potassium or sodium, wliich have been made to abac 
e heated in chlorine gas, the latter disappears, andxH 
jSGlsely equivalent tu what had been condensed, is Utl 
^ is expelled, also, by chlorine, from barytes, struRtin 
i' the proportion of one measui-e for every two mea 
b Hilt are condensed. 

It oXTgen is always evolved in its ori^nal quantity, ' 
■lily of chlorine absorbed is variable. Sir H. Davy coi 



this as proving that, the oxygen does not proceed from the clilorine. 
Hit from thcuxide; and that chlorine is a stimple body, which attracts 
'the metals in question niore strongly than oxygen atli'acta them. 
Ammotiia i» decomposed by chlorine, sometimes with detonation. 
both gases are dry, no water is produced, which Sir H. Davy ob- 
'es should happen, if chlorine contained osygen; but the produc^ 
Te muriatic acid (rrom the union of the chlorine and hydi-o^en,) aoi 
litrt^n gas.* The muriatic acid, with the undccomposed alkl 
"fiirms munate of ammonia. 



'Gdorim with Charcoal, Carhnnic Oxide, and Carburetted i 
drogeru 

^^ "When the charcoal of beech wood, finely powdered and perfectly 
|ry, is poured into chlorine gas in its ordinary state, an inBammation 
neues. But charcoal, intensely ignited by the strongest powers of 
Mtaic electricity, in diy chlonue gns, efiects no change, nor is any 
c acid prddaced.t 
Perfectly dry chlorine and light carburetted hydrogen gases, in the 
inerimenls of Dr. lohn Davy, detonated without pi-oducing carbonic 
lid. Muriatic acid gas was formed, and the charcoal was precipi> 
ted. But when tlie gases are fired over water, carbonic acid is ob- 
tained, the oxygen for which is furnished by the water. Mixtures of 
Hiree or four parts of chlorine and one part of carburetted hydrogen 
over water, when exposed to Ihe light of the sun, explode, and car- 
txiuic acid is generated; or, if the quantities are small, and indirect 
light only is admitted, the action of^tlie gases goes on slowly, with si- 
taitar results. 

When three measures of chlorine are mixed with two and a half of 
defiant gas or per-carburetkd hydrogev-, a white cloud appears, and, 

Rthe gases are pure, the whole is rapidly condensed. At the same 
me, a liquid resembling oil is formed, whicli has a greater specific 
ravitythan water. Fi-om tins property, per-carbu retted hydrogen 
ret received the name of olefiant gas; "but it has been lately shown 
mi the liquid obtained is analogous, not to oil but to ether, whence 
(rbas been called chloric ether. It will be described under tliatname 
n the second volume. 

The condensation of per-carbu retted hydrogen by chlorine gas af- 
bt^ an easy way of estimating the quantily of the former, in any 
^iture of it with hydrogen, light carburettecf hydrogen, and carbonic 
viide gases. Add to any gas.'suspected to contain olefiant ga», about 
lltlf its bulk of chlorine) if an immediate diminution ensue, accora- 
^ied with an evident production of au oily liquid, the presence of 

Phil. Trans, 1314, p. 70. -f Children, Phil. Trans, 1815, p. 369. 
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oleftaot gas may lie safely itiferred. Or the whale quanl 
deiised, about io Imnilredtlis ma; be estimated to be per- "^ 
hydroKsn. __ 

A mixture of eonal volumes of chlorine and carbunic oxide 
botli dried by fused muiiate of lime, and exposed, ahuut a quarter 
an hour, to bright sunshine, alfords a peculiar compound, called b^^ll 
discoverer. Dr. John Davy," Fhosgeve Oas. The colour of tlie ck'' 
rine is destroyed by this ciimbiiiatiou, and the constituent gases t 
condensed into half their hulk. Hence it appears to be one of t 
heaviest gases known, 100 cubic inches being estimated to wet 
I0S.97 mraiiia. 

PhoBgene gas has an intolerably pungent odour, and reddens L- 
mua, whence it is called by some chemists phosgfmc acid. Wrt 
changes it into muriatic and carbonic acid gases. The metals dt 
pose it, and unite with the chlorine, a volume of carbonic oxide 
liberated, equal to tlie bulk of the orisinal gas. It cundensei 
times its volume of ammoniacal g;as, and the product is a white^iiei 
tral salt, from which the stronger acids disengage muriatic and 
bonic acids; but acetic acid dissolves it without elTervescence. 



SECTION VI. 

Chlorine vHtk Sniphnr and its Compounds. 

SuLFHx^n, when heated in contact with chlorine gas, absorbs it, U. 
forms a singular compound Grst described by Dr. Thomson-t Te 
grains absorb nearly 30 cubic inches of gas, which is nearly in 1i 
proportion of 15 (the weiglit of an atom of sulphur) to 33.5 (the weigl 
of an atom of chlorine). It appeara, indeed, to be a true cliIoride( 
sulphur. 

This fluid is volatile below 2(l0° Fahrenheit Its colour is rri il 
reflected light, but yellowish ijreea by transmitted light. It eiul 
fumes, nhicn are peculiarly acnd, and which excite a copious flow I 



of which 

with the oxygen of the' water, composes 



ulphur 






Before dSl 



tion, however, it is not acid, and does not redden dry lltinua paoeTi- 
" ' ' ' ■ "■ dry sulphurous acid eaaj Mt 



Dry chlorine gaa has no action o _ , . 

water be present, muriatic and sulphuric acids result from Al 
_ mixture. 

When chlorine gas is mised with sulphuretted hydrogen gaf^tt 
~ tomena vary with the proportions. When equal bulks are lue 
fi IB scarcely any condensation, and the residue coutnins 19 tvq 
ttttf its bulk of muriatic acid gas. In this case sulphur ts p 
1. But if enough of chlorine be used, besides the same ptvdW 
^.i&tk acid, the sulphur is changed into cidoritle of sulphur. 
L'^mpound of chlonne and phosphorus will be described t 
Kof the latter substance. 



NOMEMOLATtlKB. 



Chloviiie with the Meitds. 



A1.M0ST every metal, in a state of minute division, takes Ore spc_ 
laaeously, and burna In this gaa. The very malleable metalH, such 
as guld, silver, &c. wliicb can be i-educed to extremely thin leaves, 
art^ best applied to the gas in that state. Others, as iron, zinc, ctv^ 
jier, Sec. must be introdui:ed iii the state of fine filings. The moat 
Readily oxidized nietuls burn with the greatest brilliancy. The best 
^rnportion is about 40 grains of each metal to 40 cubic inches of eas : 
^nd, into the bottom of the receiver a little sand may be poured, to 
(irevent it from being broken. 

, Metallic antimony burns with u very brilliant white flame, and 
throws out sparks. Arsenic e:(htbits a fine green or blue ilame, at- 
teniled witli sparks, and a dense white smoke; bismutli a bluish 
flame ; nickel, a yellowish white one ; cobalt, a bluish white ; 7.inc, a 
white Hame and sparks; tin, a bluish white light; lead, a clear white 
flame ; cupper, a red and slowly spreading liglit ; and iron, a bright 
red li^ht. In all these experiments, tlie temperature of tlie gas 
ahoulcfnot fall short of 70°, 

When chlorine is made to act on any metallic oiide, those of iron 
and arsenic excepted, the whole of the oxygen is expelled from the 
'Bside, anil the cliloriiie combines with the metal iiiily. The descrip' 
lion of these compounds, which have been ably investigated by Dr. 
3. Davy, will form a part of the history of the individual metals in 
ithe next volume. 

JVomeitclature of the Compounds of Chlorine and of Muriatic Jlcid. 

The combinations of muriatic acid continue to be termed Mari- 
nates ill the modified nomenclature, proposed by Sir H. Davy. Thus 
, muriate of magnesia, of alumine, and of ammonia, are correct ex- 
|iressions. But all compounds of chlorine with combustible bases, 
,tiiat philosopher proposes to designate by annexing the teiininatioa 
\ane to the Latin name of the basis. The compouna of chlorine and 
hSutphur, he calls for example, sulphurane; tJiat of silver {argentum) 
and ciilorine argentane ; and so of the rest. Common salt, on the 
same principle, would be termed sodane. When these compounds 
■are capableof imitlDB; withan additional proportion of chlorine, he es' 
presses that which has two proportions by the termination ajja or 
anea. Thus copper (cuprum) with one proportion of. chlorine is cu- 
tprane, and mtli two crtpranea. This nomepclature appeal's, how- 
ever, to have gained little acceptation among chemists. 

It is more agreeable to analuoj with the combinations of oxygen, 
to disting;uish the compounds of chlorine by the name ofuWoriaf, a 
termination conformable to that of o.Tif/c^. The dilfei'ent compounds of 
chlorine, with one base, raa^ than be designated in the way proposetl 
by Dr. Thomson for the oxides, the first heirig called proto-pWaTyi* . 
Voi. I.— X X 



SECTION VIII. 

Muriates fHi/dro-Chlorates.J 

Art. l.—Miriate of Potash. 

MuniAiB of potash may be obtu'inetl by saturating muriatic acid 
with carbonate of poiasli, anil evaporating the solution till tlie salt 
erystallizea. These crystals have a cubical shape, aod a bitter dis- 
agreeable taste ; they (lissolve in tliree times their wei^t of water 
At 60°, and in a rather less proportion of boiling water. They under- 

R little change when exposed to tlie air ; they decrepitate when 
rown on the fire, but abandon no part of their acid at a red heat. 
Muriate of potash consists, in 100 grains. 



Ac cord ii 



AciiL Base, 
; to Bertholet . . . . of . . 33.34 . . 66.66 

— Berzelius . . . . — . . 36.742 . . 63.353 

— Dr. Wollaston . . — . . 36.gr . . 63.43 



Berzelius, by decomposing 100 grains of the fused salt \vith so- 
lution of nitrate of silver, obtained 192.4 of luna cornea. Accord- 
ing to Sir H. Davy, this salt after fusion is composed of 75 parts of 

{lotaasium united with QT chlorine, or LOO grains consist of 

Potassium 52.& 

Chlorine 47.3 



These proportions ai-e almost the same as those stated by Gay 
liussac, viz. 100 chlorine -{- 111.31 potassium, all confirming that 
this salt is composed of an atom of each of its ingredients. A hun- 
dred parts, it is calculated by Dr. Ure, when completely decomposed 
by sulphuric acid, yield 129^ of liquid muriatic acid, specific gravity,' 
1.192. 



Art. 2^ — Muriate of Soda. 

Muriate of suda is that well known substance, common salt, whig 
is become a necessary ingredient in the food of man, and 
l^al utility in several of the arts. 

I. Its composition may be proved, by the direct union of soda 
with muriatic acid. But for purposes of experiment, the common 
-alt may be employed, which is to be found in the shops. This may 
e purified, by adding to a solution of it in water a solution of car- 
lonate of soda, as long as any milkiness ensues ; filtering the sola- . 
IOH) and evaporating it till it cryBt4Uiz.ea. 
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II. Its qualities are as follow : 

1. It crystallizes in regular cubes, which, when the salt is pure, 
are but little changed by exposure to the air. The common salt of 
the shops, however, acquires an increase of weight, in consequence of 
the absorption of moisture. The various forms under which it ap- 
pears, of stoved salt, fishery salt, bay salt, &c. arise rather from 
modifications in the size and compactness of the grain, than from 
any essential difference of chemical composition. 

2. It requires, for solution, twice and a half its weight of water, at 
60° of Fahrenheit, and hot water takes up very little more. Hence 
its solution crystallizes, not like that of nitre, but by cooling, by eva- 
poration. 

3. When heated gradually it fuses, and forms, when cold, a solid 
compact mass. 

4. If suddenly heated, as by throwing it on red-hot coals, it de- 
crepitates. It does not, however, after being dried at the tempe- 
rature of boiling water, lose by ignition more than two or three parts 
of watc -per c^w^.and essentially it contains no water. 

5. It is not decomposed when ignited in contact with inflammable 
substances, except with potassium, whicli sets at liberty half its 
weight of sodium. 

6. When mixed with powdered charcoal or sulphur, and fused in 
a crucible, it does not undergo any decomposition or essential change. 

7. It is decomposed by the carbonate of potash, the alkali of 
which combines with the muriatic acid of the salt, and the carbonic 
acid is transferred to the soda. — Hence we obtain muriate of potash 
and carbonate of soda. A process for effecting this decomposition, 
on a lar^e scale, is described by Westrumb, in Grel I 's Journal, Eng- 
lish translation, ii. 127. 

8. It is decomposed by the sulphuric acid in the mode already 
described. Nitric acid also separates the muriatic acid. 

9. Muriate of soda is composed, in 100 grains. 

Acid. Base. 
According to Darcet . . • of ... 49.27 . . 50.73 

' Berard ... — ... 43. . . 57. 

" " Dr. Marcet * . — ... 46. . . 54. 
' Bei'zelius . . — ... 46.55 . . 53.44 

Prom 100 grains of transparent rock salt, dissolved in water, 

d precipitated by nitrate of silver, I obtained 242 of luna cornea; 

. Marcet, from 100 grains of pure artificial muriate of soda, fused 

re solution, obtained 241.6 ; Berzelius, 244.6 ; and Rose, 243.4. 

^ 100 grains of luna cornea may be stated, in round numbers, 

'note 19 grains of real muriatic acid, so that it is easy, from this 

A» to calculate the composition of common salt, or of any mu- 

1 gait, which has been decomposed by nitrate of silver. 

I the atomic system of Mr. Dalton, it should consist of an atom 

AMatic acid combined with an atom of soda. But according to 

1 Davy's view, fused common salt is constituted of an atom of 
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sodium, weighing 22, with an atom of chlorine weighing 3.35 or of 

Sodium 40.5 - - - . 100 - - - 68 

Chlorine 59.5 - - - - 147 - - - 100 



100. 247 168 

Dr. Wollaston assumes its constitution to be either 39.64 sodium 
+ 60.36 chlorine ; or on the old tlieory of muriatic acid, he admits 
its composition as stated by Berzelius. One hundred grains are 
estimated by Dr. Ure to be capable of yielding, when completely de- 
composed by sulphuric acid, 165 of liquid muriatic aoid, specific 
gravity 1.190, or 186.3 grains of density 1.160. . 



Art. 3.*— H^wriflfe of Ammonia. 

1. If equal measures of ammoniacal gas and muriatic acid gas 
be mixed together, over mercury, they are immediately and totdly 
condensed, a white cloud is formed, and a solid substance is deposit- 
ed on the sides of the vessel.-— This is the muriate of ammonia. For 
experimental purposes it may be procured in the shops, under the 
name of sal-ammoniac. 

Berzelius, from 100 grains, precipitated by nitrate of silver, ob- 
tained 267.87 of luna cornea. Hence he calculates its composition, 
independently of water, to be 

Acid 60.8 - - - - 100. 

Ammonia - - - - 69.2 - - - . 64.48 



100. 



But in its ordinary state the salt contains water, for when distil- 
led with lime, the earth gains a greater increase of weight than the 
muriatic acid only could furnish. The proportions are, according to 
Berzelius, 

Acid 49.55 

Base 31.95 

Water. • . ^ . . . 18.50 



i^ 



100, 

These proportions differ verj little from the results of Dr. Ure, 
who infers the dry muriatic acid in 100 parts of sal ammoniac to be 
50 or 51 only*, equivalent to 67.8 of the acid gas. 

This is one of the few salts which, consistently with Sir H. Da- 

^ Thomson's Aniials> x. 211. 



UDHMTSS. 

v^'s viewi, can pmpei'ly be coniiidered asatiue muimte. 
luic coiistilulion Mr. Dalton believes to be one a.tniii orai 
atoms of ammonia. The notion of ite being a cutnpountl ul' 
with the imaginary substance nrammoniuin, or a chloride q, 
Htum,' appears not to be tenablet. 

Muriate of ammonia exhibits t!>e following properties ; 

(a) it is volatilized, without beino liquefied ordecoinposecl, or in' 
other words may be sublimed. Sir H. Davy finds that it may even 
be passed, without alteration, through glass or porcelain tubes heated 
to redness. When, however, it is transmitted over ignited metait, 
it is decomposed into it,-' gaseous elements. 

(b) It is readily soluble in water, three part^ and a half of which, 
at Go" take up one of the salt. During its solution much caloric is 
absorbed. In boiling water, it is still more soluble ; and the solutioOi 
Ml cooling, shoots into regular crystals. 

(e) It slightly attracts moisture from the air. 

((/] On the addition of a solution of pure potash, or purefloda, the 
alkali is disengaged, as is evinced by the pun^nt smell that arises 
on the mixture of these two bodies, thou^i perlectly inodorous whea 
separate. 

(t) Though generally considered as a neutral salt, yet, if placed 
on litmus piiper and moistened, Berzelius observes, that the paper 
is rvddeticd after some moments, as it would be by an acid. 

{/) It is decomposed by barylcs, slmntites, lime, and magnesia, 



Process for olitaiiii) 



; Siihilit 



of Ammonia in Water. 



The following process is given by Mr. R. Phillips, as preferable 
to that of the London Pharmacopceiat. 

On 9 oz. of welUbumt lime, pour hal F a pint of water, and when 
it has remained in a well closed vessel for nearly an hour, add 1£ 
ounies of muriate of ammonia, and about 3j pints of boiling water. 
When the mixture has cooled, filter the solution ; and, having putit 
into a retort, distil ofi'30 fluid ounces. The solution will have the 
ipedfic gravity 0.934, which is quite as strong as it can be conve- 
""'"itly Kept. If the solution be reauired (o be more strongly im- 
^'ted, this will be best effected, by passing ammoniacai ^s 
it, from a mixture of equal parts of powdered lime and iilu- 
imonia, by meatus of an apparatus similar to that described 
■reparation of muriatic acid. 

''a mixture of one part of'powdered muriate of ammonia 

one to two of powdered carbonate of lime (ciialk}, both' 

from moisture, is distilled together in a retort, a solid 

ice condenses on the inner surface of the receiver^ 

tab-carbonate of ammonia ; and the piocess now descri^ 

which, with the Bubstitution of pniper subliming ves- 

rbonatc of ammonia is prepared for sale. This ope- 

iple of double alliuity. The carbonic acjj. 
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Bing transrei'red from tfie lime to the amuionia, forms sulKcaibonate 
Fanimouia ; and the mHriatic acid, passing to the lim<-, composes 
luriate of iime. 



Art. 4.~^Muriate of BnryU 



Miiriiifc of barjtesmaybe formed by heating pure barytes in chlo- 
!ne j;as, each measure ot which diaeiigagea half a measure of imygen 
^S from that earth. Ur when barytes is healed in muriatic acid 
^3, the gus disappears, and the salt, which is produced, become?! leil- 
flt. But for purposes of esperiinent, muriate of barytes is best pre- 
tared, by dissolving; either the artificial or native carbonate in mu- 
iatic acid much diluted ; or, if neither of these can be had, the 
lulphurel. The iron and lead, which arc occasionally present in 
he carbonate, and are ilissolved, along with the barytea, may be 
eparated by the addition of a small quantity of liquid ammonia, or 
^ boiling and stirring the solution in contact with a little lirne; 
r, which is still better, by solution of barytes in water. When fil- 
Bi'ed and evaporated, the solution yields regular crystals, which 
h&ve most commonly the shape uf tables, bevelled at the edges, or 
of ei^it-aidcd pyramids, applied base to base. They dissolve m five 
parts of water, at 60°, or in a still smaller quantity of boiling water ; 
and also in alcohol. They are not altered by exposure to the atmog- 
ihere ; not are they decomposed, except partially, by a high tempe- 
ature. The sulphuric acid separates the muriatic; and the salt is 
Jso decomposed by alkaline carbonates and sulphates. 

Fifty grains of ignited muriate of barytes give 68 of luna corneal 
t is composed. 



of , 



26.8 



no 



And the crystallized salt consists 

Acid. Base. Vfiiep^ . 
According to Mr. Aikin . . of , . 30.93 . , 6Z.47 . . . 14.6 
Berzelius . . — . . 33J5 . . 61.85 ... 

Its atomic constitution, according to Sir. Dalton, is 1 atom of acia 

and 1 atom of base ; and the crystals consist of 1 atom of dry salt 

Lnd 3 {itoma of water. Sir H. Davy considers the dry salt as a com- 

iound of t atom of barium weigliing 65, and 1 atom of chlorine 3S,5._^ 

>nce 100 parts should consist of "^ 



AnT. a. — Muriate of Stroiiliti-a 

May be nbtaineil bj following tlie same process as thatei 
in iiiepuiing the linrj^tic salt. The solution affbrdfi long i 
hesagonnl piisnis, wliich are suluble in two parts of water, i 
anil to almost anj aniaunt in boiling water. In a very nioislV 
plicre ihej'deUquIate. They tlissulveiu alcohol, and give & blof 
colour to Its tlame. , 

Fifty grains of dry muriate of strontitos give 85 of luna C 
anJ henci- the Rail must consist of ii7-'> acid. This agr 
ly with Kirwaii's tletermi nation, but (liD'ers somewhat from ^ 
Jin's viz. til base and SO add. Stromeyer, wiiu has lately exaoj 
this sail, makes it eonsist of " 



According to Sir H. Davy's view, 
Btruntium and 21 chlorine, or of 



is constituted of 39 j 



Chlorine 4i. 

ItH atomic constitu'ion, agreeably to Oils view, is one atom^ 
tal weighing 45, and one atom of chlorine weighing 33.5. 

theory, it should coasist of one atom of stroiitites, and one t, 
muriatic acid. 



AiiT. 6.— Muriate of Lime. 

salt may be prepared by dissolving carbonate of lime fl 
:id, or by washing off this soluble part of the n 
§ after the distillation of the solution of pure amim 
f ammonia ai\d lime. One liundred grains of carbonatilj 
'ne to Berzelius, 11)9.6 of fused murialeof lime. 
olutjon crystallizes in six-sided striated prisms 
harp pyramids. If it be evaporated to the consisteiri 
d expuaed to a temperature of 32°, it forms a compaol 
AftT bundles of needle-shaped crystals, crossing eaot 
The dry salt retains its acid at tlic temperatiu 

pinla di_Siinlve in half their weight of cold water, anifl 
iWteiit in boiling water, being, in fact, soluble in '' 
^llizatiiin.— They deliouiate rapidly in the air, s 
Jtlieo Ueafeil. After being melted by a strong hi 



'. Vtll. HUaU-rB-OF UAGKEBIA. 

I inasa sfill contains water j for bj ignition with iron (ilingg, it 
rielda much liydnigen eas. On the new tlieorj of chlorine, liowever, 
Jiis gas ma.jr proceed from the decomposition of muriatic acid, if 
^ed in a crucible, and treated in the same manner as the nitrate of 
ime, the crystals jield a solar phosphorus, called, from its discover- 
V, ifamberg'B pfiosphorun. When mingled with snow, they p 
uice intense cold, as has already been described. 
\ Ury muriate of lime may be inferred, from an cspeiiment of 
Uarcet, to consist of 



100 

One hundred grains of fused muriate of lime give, according to 
>avy, 250 grains of luna cornea; according to Berzi.'liu>> 287.5. 
'rom experiments on its synthesis, Berzelius slates its composi- 
ion to be 



ftnd that of the crystallized salt 



Acid - - - - 34.69 
Lime - - - - 25.71 
Water- - - - 49.60 



But, according to the theory of Sir H. Davy, the salt after bei^ 
mited, consists of 31 chlorine and 19 calcium, or of 



Art. ?. — Muriate of Magnesia. 

This is also a deliquescent and difficultly crystallized salt. It hi 
01 intensely bitter taste ; is soluble in its own weight of water, or 
D five parts of alcohol. Unlike the preceding muriates, it is de> 
loinposed, but not entirelv by ignition. 

According to Mr. Dalton, Muriate of Magnesia is constituted of 
t6.4 acid + 43.6 base ; but from Dr. Wollaston's table of equiva* 
tnts, it may be deduced to consist of 58 ucid and 42 base. Tht\ 
Vol. I.— y y 



compound of cliloHne autl magnesium, though supposed by I 
Duvv to exist, haH not yet been examined in a separate state. ^ 
lieaied, the combination, he remarks, is destruyed ; tlie chloi" 
composes witter, and escapes in the state of muriatic acid, i 
oxygen of the water forms magnesia with the metaU 

Ine moriates of ina);ne^ia and lime are generally c 
muriate ot soda, and impart to ihat salt much of its deliqa^ 
property. They impair, too, its power of pie3erviui;fi»ud. Tj^ 
also ingredients of sea-water. 



Art. ii.—Jtlurittle of Jliiimim 

May lie formed by dissolving freih precipitated alumine ii 
atic acid ; but tlie acid is always in excess. It is scarcely p 
til obtain this «alt in ciystals ; far, by evaporation, it assuiq, 
state uf a thick jelly. It is e:itremely Buluble in water, aiu 
t^Lie^cent tvlieii dry. In a high temperature it abandons itH M 
tirely. No comp(>und (Sir H- Davy observes) exists, thai t 
pmudered as a cmupuiind of aluminc and chlorine. ' 



AiiT. 9. — J^uritite of Olacine. 

tin known. Like all the gaits of glucine, i 
Crystallizes mure readily than the nitrate. 



Art, lv.~-Muriate of Zircoru 

con is readily dissolved by muria^ 
f colourless ; has an astringent taste ; and fan 
Hnall necdle-shaoed crystals, which lose theii 
Wv^- It is very soluble in water and iu aIcoIidI.'. 
7^ iieat, and by the saliva of tlie mouth. I'he galUc 6i 
IB saliiUofn, precipitates, if it bi; free from iron, a whiU I 
kinntp of ammuDia gives a precipitate, which ir — "" " 
' e carboiatc. 



A PIT. II.— .Muriate of Ftlria. 

nn'l his a Htriking vesemblance to niirAte of j 
U dries with iliflicDlty, and iittracls mubture fnyia tl 
IftUytUlliie, wbcn evaporated, but forms a jelly. 



CHLORATE OF VOTKan. 



SECTION rx. 



Chlorates or Hyper-oxy-mnriales. 
Art. I.— Chlorate or Hi/jier-oxy-iuuriate of Potash. 

The properties of tliis salt were discovered by Berthollet. It may 
be formed eitlier by the direct mixture of liquid chloric acid witli 
solution of potash or carbonate of potash}— -or by passing chlorine 
^, as it proceeds from the mixfure of muriate of soda, sulphuric 
icid, and manganese {see Sect II, Process 3), throueh a solution of 
caustic potash. This may be Hone by ipeans of Woulfe's apparatus, 
using only one three-necked bottle in addition to the balloon. The 
tube which is immersed in the alkaline solution, should be at least 
balf an inch in diameter, to prevent its being choked up by any 
crystals that may form. The solution, when saturated with the gas, 
may be gently evaporated, and the first products only of crystala 
are to be reserved for use ; for the subsequent products consist of 
common muriate of potash only 

The chemical changes that occur in the production of chlorate of 

Biotash may be explained either on the old or the new theory. Let us 
on tlie old hypothesis) suppose the osy-muriatic acid, when first pre- 
:ented to the alkaline solution, to be divided into two portions ; one 
nf these gives up its excess of oxygen to llie other half, and returns 
to tiie state of (Common muriatic acid, which combining with the al- 
kali, forms muriate of potash. — The other portion, therefore, is oi^y- 
muriatic acid, plus a certain quantity of oxysjen ; and this, uniting 
with another portion of alkali, forms a salt, wnichMr. Chenevixhas 
termed liyper-osy-muiiate. Strictly speaking, therefore, simply oxy- 
genized muriate of potash does not exist; for the acid in this salt 
contains 65 per cent, of oxygen ; whereas the oxy-muriatic acid must 
contain, if any oxygen be present in it, only 22.65 per cent. 

It would be equally consistent with the theory of chlorine, either 
jO suppose that the oxy-muriatic acid decomposes the water of ihe 
alkaline solution, forming, with its hydrogen, common muriatic acifl, 
while another portion of chlorine unites with the oxy^n thus Be? at 
liberty ; — or that the change consists in the decomposition of polush, 
he oxygen of port of which is transferred to another portion of alka- 
.j, while the oxy-muriatic acid is partly expended in decompmln^ 
water and forming muriate of potash, and partly in composing a tn- 
[lie compound of chlorine, oxygen, and per-oxide of potassium. In 
's view, hyper-oxy-muriate of potash is constituted of I atom of 
tassiuni weighing 40.3, 1 atom of oxy-muriatic acid = 33.5, and 6 
atoms of oxygen =4^5; or iOO parts consist of 

Chlo.ine 28. 

Potassium - - --•->- - 34. 
Oxygen ...----- 38. 



tlie same qtjanJitj, obtained a murh Iarg;er product of gas, viz. 
SS-lfl graiiiB = 1 1-3 or 1 14 cubic inches*. And Gay Lussac found 
"liat 100 grains give 38.88 p;rain3 of osyten, and 51.13 of muriate of 
lotash, containing, he supposes, 28.93 chlorine and 32.19 putAssium. 
riie residue of thia distillation (consisting;, according to llie now 
:heory, of chlorine and potaasiuui) VauqueEin assertst is sensibly al- 
' dine; from whence it should appear that the cajiacity of saturation 
less in chlorine than in chloric acid. 

(e) The chlorate of potash has no power of discharging vegetable 
:o]oura ; but the addition of a little sulphuric acid, b; setting chlo> 
ine at liberty, developes this property. 

^f) Tbe salt is decomposed by the stronger acids, as the sulphuric 
na nitric acids. This may be proved by dropping a few grains of 
he salt into a little concentrated sulphuric acid. A strong smtll 
i^iil arise, and, if the q^uantities be sulTiciently lai^ an explosioa 
["ill ensue. The experiments should, therefore, be attempted with 
je&t caution. When this mixture is made at the bottom of a deep 
esse!, the vessel is filled with euchlorine gas, which inflames sulphu- 
ic ether, alcohol, or pi I of turpentine, when poured into it; and also 
amphor, resin, tallow, elastic gum. Sac. (Davy.) — By the action of 
sulphuric acid, regulated as already described, peculiar gaseous 
compounds result. 

Muriatic acid, as has already been stated, disengages chlorine, 

Bod the addition of a few grains of the salt to an ounce measure of 

the acid, imparts to it the property of discharging vegetable colours. 

(g) Chlorate of potash exerts powerful effects on inflammable 

bodies. 

1. Rub two grains into powder in a mortar, and add one grain of 
sulphur. Mis them very accurately, by gentle iriture, and then, 
iiaving collected the mixture to one part of (lie mortar, press the 
pestle down upon it suddenly, and forcibly. A loud detonation will 
ensue. — Or, if the raised ingredients be wrapped in some strong pa- 
per, and then struck with a hammer, a still louder report will be 
" 'oduced. 

3. Mix five grains of the salt with half the quantity of powdered 
charcoal in a similar manner. On triturating the misture strongly, it 
will inflame, especially with the addition of a grain or two of sul- 
phur, but not with much noise. 

" Mix a smalt cjuantity of sugar with half its weiglif of the salt, 
a the mixture pour a little strong sulphuric acidl, A sudden 
ind vehement inflammation will be produced. This experiment, at 
'ell as the fullowiag, requires caution. 

4. To one grain of the powdered salt, in a mortar, add about half 
grain of phosphorus. The phosphorus will detonate, on the gen- 
tlest triture, with a very loud report The hand should be covered 



Eacoping' by a quantity of finely spun g]as$ or the fibres of amianthus. 



wtUi a glove in making tliie esperimeiilj and care Hbould4 
that the pbospliorus, in an inHametl stite, liocM uot tly inlo d 
^Phosphorus may also be iiitlameil under lliv surface «f V 
means of this salt, Put into a wine glass, mie part of phM 
with two of the ealtj fill it iieariy willi watei-, anii pour in, t 
of a glass tube, reaching to the bottom, three or lour parli 
phuric acid. Tlie phosphorus takes fire, and burna vividl« 
the water. This experiment requires caution, lest the f 
phosphorus should be throivn intii the eyes. (Uavv.) Oil i, 
be thus inflamed on the aurfuce of water, the expt^rinient ba^i 
with the omission of th« phosphorus, aitii the substituiiaaofa 
olire or linseed oil. jr 

5. Hyper-oxy-muriate of potash maybe substituted {upM 
the preparation of gun-potviler, but the mixture of the ing^ 
reijuires extreme circumspection. It maybe proper alwij 
that tliia salt should not be kept mixed with sulphur in conn 
quantity, such miitturcs having been known to detonate sn 
©usijr. 



Art. 2. — Chlorate of 8otJa. 

This salt may be obtained, by following the process aire 
scribed, with the substitution of pure soda for potash ; or i)~ 
chltiric acid to carbonate of soda, till tlie effervescence ceas_ 
fliceedin^ly difficult, however, to obtain it pure, by the fit^tfe 
bttcause it nearly agrees in soltibility, with the common mv 
soda ; and the second method is therefore pivferable. It ti 
in three parts of cold water, and in rather le;is of hot,and 19^ 
lleliaucsccnt. It is soluble also in alcohol; but so al»o, aCi 
to ^Ir. Chenevix, is the common murJute. It crystallizes i] 
ttr in rhomboids approacJiing the cube in form. In the mouti 
daces a Hensation of cold, and a taste scarcely to be discrid 
from that of muriate of soda. la otiier properties it agrees ii 
' " X suit with base of potash. 



Akt, Si— Chlorate of^ 



CULOHATS OF BAHTTES. 

^ich will throw down t\\a bnttle, unless firmly held by the hand. 
\» the bottle there remains a |iurti(m of nitrogen gas. 
• Though not capable, howevei', of being furttied by the direct action 
rf chlorine on soluliuri of ammema, yet an hjper-oxy-mariate or 
chlorate of animunin, may be obtained by adding lic[u id chloric arid 
> solulion of caibotiate of ammonia, till the effervescence ceases. 
?he solation must be cvaponited by a very gentle heat, on account 
F the volatility of the salt; and it is best to allow it to evaporate 
aontaneouslv at tiie temperattire of the atmosphere- 
' The salt, thus obtained, hus the shape of very fine needles. Its 
ate is extremely pungent. When heated, it detonates per se, lilte 
itrate of ammonia, but at a lower temperature, and with a red 
iuie. When decomposed by lieat In close vessels, a large quantity 
F chlorine is obtained, with a very small proportion of oxygen and 
titro^n, and also of hydrt^en and muriate of ammonia. Hence it 
)k|i pears that the hydroffen of ihe volatile alkali is more disposed to 
Jinite with tlie oxygen dian with the chlorine contained in the chlo- 
ric acid. 



Art. 4.— Chlorates with Earthy Bases. 

1. Chlorate of Bartjtes. — To prepare this salt, chlorine gas must 
« received into a warm solution of barytes in water, till the barytes 
{ saturated. The solution is to be filtered, and boiled with phos- 
ihate of silver, which decomposes the common muriate of barytes, 
jid at the same time composes tiio insoluble salts, phosphate of ba- 
ytes. and muriate of silver. Vauquelin findsthe addition of acetic 
acid recommended by Chenevlx, objectionable, and that the com- 
pounds of chloric acid are liable, if acetic acid has been employed, 
to detonate violently when heated. To judge when enough oi the 
phosphate of silver has been used, add to a portion of the filteied li- 
quor, a few drops of nitrate of silver, which, in that case, ought not 
to disturb its transparency. If too much phosphate of silver has 
been used, a drop or two of muriatic acid will discover it, and, in 
that case, the cautious addition must be made of some of the original 
solution, set apart for the purpose, to which no phosphate of sdver 
has been added. It is from solution of chlorate of barytes, thus 
carefully prepared, that chloric acid is obtained by the interven- 
tion of sulphuric acid. 

Chlorate of barytes has the form of four-sided prisms ; its taste is 
.pungent and austere; it requires for solution alwut four times its 
vrei^t of water, at 50° Fahrenheit ; and its solution, when pure, is 
jiot precipitated either by nitrate of silver or muriatic acid. By a 
^ed neat, it loses 39 per cent., and the residue is alkaline. From a 
calculation, founded on its decomposition by sulphuric acid, it ap- 
jiears to consist of 



* ViuqucUn. Kaa, dc Chim, ? 



id colour, a biisk eftervcscc ace takes place, and pungent vapours of 
hlorine are evolved. 

Considerable light has been thrown rni the nature of this acid by 
le experiments cf Sir H. Davj'*, who has rendered it probable that 
a jieculiar properties are owing lo a mutual decomposition of the 
|itric atid muiiatic acids, the oxygen of the former uniting with the 
ydrogen of the latter, in conseqnence of which water, chlorine, 
ail Jiitrousacid, are the i-esplts. For every 101 parts in vcei^ht of 
!al nitric acid (equivalent to 116 of hydro-nitric acid) which are 
ccompoaed, 67 parts of chlorine, he calculates, arc produced. Ac- 
Drding to this view, it is not correct to say that aqua regia oxidates 
old or platinum, since it merely causes their combinatiim with chlo- 
iHe. By long continued and gentle heat, nitro-muriatic acid may 
! eatti'ely deprived of chlorine, and it then loses its power of aci— ^ 
ig on gold and platinum. ^ 

The nitro-munatic acid does not form, with alkaline or other base^ 
distinct genus of salts, entitled to the name of nitro-muriates; 
'hen combined witli an alkali, or an earth, the solution yields, 
ivaporation, ix mixture of a muriate and a nitrate; and metallic 

-bodies dissolved in it yield muriates only. The most remarkable 
iroperty of nitro-muriatic acid (that ofdissolvinggold, from whence 

it has been called aqua regia) will be described in the chapter on 

that metal. 



SECTION XI. 

Murio-Sulplmric Acid. 

MuBiATic acid gas is absorbed in considerable quantity by sul* 
luric acid. The compound has a brown colour, and svhen exposed 
D the air emits copious white fumes. It has no particular use. 

By the action of a mixture of fumin* muriatic acid on sulphur:^ 
of lurbon, Berzelius obtained a solid white crystalline body, reseift 
bting camphor, and possessing some remarkable properties. Its s" 
atysis afforded 

Muriatic acid .--..- 48,74 

Sulphurous acid 39.63 

Carhonic acid {and loss) - - - 21.63 



It appears, therefore to consist of two atoms of muriatic acid, Oiq 
i£ sulpiiuroua acid, and one of carbonic acid. * 



364 uESCiuFrioN of the plates. 

bed, vol. i. p. ^41 ; and the loss of weight is determined at the close 
of tlie clVeTvescence. 

Fig. 7. Mr. Leslie's differential thermometer described, voL 
i. p. 80. 

Fig. 8. (a) An air thermometer, for ascertaining the temperature 
of liqtiids. It consists of a bottle, partly filled with any coloured h*- 
quid, and partly with air, a glass tnbe of small bore, open at both 
ends, being either cemented or hermetically scaled into the bottle, 
so that its lower extremity may nearly touch the bottom of tlie bot- 
tle. The expansion of the included air, on the application of heat, 
drives the coloured liquid up the tube, and to an extent which may 
be measured by the application of a scale. The fig. b is another va- 
riety of the same instrument, described vol. i. p. 80. 

Fig. 9. The original air thermometer of Sanctorio ; see vol. i, 
p. 80. 

Fig. 10. A bent funnel for introducing liquids into retorts, with- 
out soiling their necks. 

Fig. 11. An adapter. The wider end admits the neck of a re- 
tort ; and the narrower is passed into the mouth of a receiver. 

Fig. 12. a section of an evaporating dish of Wedgwood's ware. 
Under this figure is a representation, without any number attached 
to it, of a small prong with a wooden handle, for holding an evapora- 
ting glass over a lamp. 

Fig. 13. {a) A tubulated retort luted to (6) a quilled receiver 
the pipe of which enters the neck of a bottle (c; supported by a block 
of wood. 

Fk;. 14. Different forms of jars for precipitations, with lips conve- 
niently decanting the fluid from the precipitate. 

Fig. 15. A tube blown in the middle into a ball, for dropping li- 
quids. The ball is filled by the action of the mouth applied to the 
upper orifice, while the lower one is immersed in the liquid. To 
tiie former the finger is then applied ; and, on cautiously removing 
it, the liquid is expelled in drops. 

Fig. 16. A bottle for ascertaining the specific gravity of K- 
quids. When filled up to a mark in the neck, with distilled water 
of a given temperature, it should hold 1000, 2000, or any even num- 
ber of grains. The quantity, which it is found to contain, of any 
L other lifjuid of the same temperature, shows the specific grai^^ of 
the latter. For example, if it hold 1000 grains of water, an^J 1850 
of sulphuric acid, the specific gravity of the latter is to tliat of watet 
as 1850 to 1000, 

PLATE IL 

Fig. it. An apparatus for procuring gases, without tlu \ possiWIity 
of their escaping into the room during the process, a '' - ji^umstance 
which is of considerable importance, when tne gas has : ^unpleasant 
smell or deleterious properties. Suppose that sulph" '«rctea hydro- 
gen gas is to be obtained from sulphuret of iron and Jfluted sulphu- 
rit acid. The sulphuret of iron, in coarse powder, is nut into the 

body of the gas bottle r, with a proper quantity of w '^^ Tic acid 



nseesiftiaii 6t thk plaTSS. 

holder « is tilletl with ililuteit add, the cock fr being shut, and' 
'then fixed into the tuhulure ijf tlie ga.s bottle, to which it is ace . 
rately atlaptcd by grinding. The bc-nt lube d being made to termi' 
nafe under a receiver Rllod u'ith, and inverled in water, the perfor- 
ated cock b is gradually opened, in coiiseiiuencc of whicli the Aciil - 
descends into tfie gas bottle ; and acts on the sulphtiret of iron. It' 
ii'tw found necessary (o renew the acid, without di'sturbin^ the ap^ 
paratus, this may be done as follows. The cuck b being eliul, the 
Stopper, which clones the acid holder, may be removed, and fresh 
acid be poui-ed in, through the aperture. This mav he rr — ' -' --' 
often as is found necessary. The acid holder may be i 
«asly adapted, also, to a retort (ur certain distillations, su 
of muriatic acid. 

Fig. 18. A plain gas bottle with siginoid tube, the end, which i 

iceived into the bottle, having a ground stopper accurately fitted 
(o the neck. For ordinary purposes (such as obtaining hydrogen 
gas from diluted sulphuric acid and iron filings) this apparatus an- 
swers perfectly well, and is much luss costly. It is frequently made 
with u tuhulure and glass stopper, and is then called a tubulated gas 
bottle. 

Fio. T9. A gaa funnel, useful in transferring any gas, from a wide- 
mouthed vessel into a jar uf narrower diameter, or into a bottle. 
When employed for this purpose, it is held inverted, as shown by 
the figure, the pipe being admitted into ihe aperture of the bottle or 
ar, which is filled witn and inverted in Wiiter, and the gas being- 

»ile to pass into it in bubbles. 

Fig. 20. Dr. Hope's Eudiometer. Tlie maimer of using it has al- 
ready been described, vol. 1. p. 135. 

Fig. 31. A modification of Dr. Hope's Eudiometer described, vol. 

p-xse. 

Flo. 29. A gaa receiver, into tlie neck of which is cemented § 
brass cap, with a female screw for receiving a stop-cock. The v 
sel ti is a "lass flask, which may be made to communicate with I 
interior oftlie jar n, by opening the cock. When the apparatus is 
used, if is necessary to employ two stop-cocks, and not one only, as 
represented bjr the figure. Supposing that the weight of any gas is 
'1 be ascertained, the flask b is exhausted, by screwing it on th" ~ 
■ansfcrofan air-pump; and, if great accuricy be required, it li 
iroper to enclose a giige in thf vessel. Let the Hask be weij ' 
rhen eshausted ; then screw it upon the top of the receiver, 
taining the gas which is to be weighed ; and open the commui 
lion, observing, by using a graduated jar, how much gas has been W 
itted. Suppose this to be 50 cubic inches. By weighing the fl 
hen full, we determine the weight of 50 cubic indius of tl 
er examination. The experiment should be made when the 
ipcrature of the room is 60°, and when tlie barometer stands at 

te.s. 

Fig. 33. A plain jar for receiving gases, with a ground stopper. 
Flo. 24. An eudiometer for trying the purity of a mixture of gi 
containijig oxygen gas, by meiins of nitrous gas. The process 
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II oxygen 

Fig. 39. The combustion of iron wire in osygeti gas. 

Fig. 40. Apparatus for decompoaing water ovtr reil-liot iron or 
Jharcoal ; see vol. i. p- 140. 151). 

Fig. 41. An apparatus for showing the dimindtioii pfftcled in the 
rolume of hydrogen and oxygen gases by tlieir slow c.omtnistion; 
leerol i.p. 141. 

Fig. 4'2. A very simpleand cheap contrivance for freeitin'j qnick- 
lilver by muriate of lime and snow. The outer vessel of wood may 
)e twelve and a half inches square, and seven inches deep. It should 
lave a wooden cover, rabbeted in, and furnished with a handle. 
ft'ithin this is placed a tin vessel 6 6, standing on feet which arc 
one and a half inch high, and havlnga projection at the (op, half an 
inch broad, and an inch deep, on which rests a shallow tin pan c C, 
"Within the second vessel is a third d, made of untinned iron, and 
supported by feet two inches higli- This vessel is four incliea 
square, and is intended to contain the mercury. "When the appa- 
atus is used, a niixture of muriate of lime and snow is put into the 
inter vessel a a, so as completely to surround the middle vessel h k. 
Into the latter, the vessel d, containing the quicksilvei- to be frtizen, 
previously cooled down by a freezing mixture, is put; and this is 
immediately surrounded by a mixture of snow and munate of lime, 
previously cooled to 0° Fahrenheit, by an artificial mixture of snow 
and common salt. The pan c c is also filled with these materials, 
and tlie wooden cover is then put into its place. The vessels are 
[HOW left till the quicksilver is frozen- A more elegant, but more 
-.xpensive apparatus, by Mr. Pepys, intended for the same purpose, 
B figured in an early volume of the Philosophical Maga/.ine. 

Fig. 43. A wire stand, consistingof an interior circle, and three 
itraight pieces of wire proceeding from it in the same plane. Us 
ise is noticed, vol. i. p. 126. 

Fig. 44. Sir H. Davy's apparatus for the analysis of soils de- 
scribed in his paper, which is copied into tlie third part of this work. 

PLATE V. 

Pictet's arrangement of an apparatus for showing the 
radiation of caloric, unaccompanied by light ; see vol. i- p. 86. 
' Fig. 46. An ova! copper boiler, for eshibiling the most important 
facts respecting latent caloric. The size of its different parts (es- 
'cept the width, which is 4 inches) may be learned from the scnlc af- 
fixed to the plate, which is abundantly sufficient to enable any in- 
■telligent workman to construct the apparatus. The collar joint and 
stuffing bos. however, it is indispensably necessary to describe, es- 
pecially as the former article of apparatus is generally constructed 
"" " bad plan, 

G. 47 is a section upon a lareer scale, of the collar joint at I 
Jig. 46). made for the convenience of screwing together lotip ^r 
croofce<l metal tubee, without turning them round : o i» a secUon m 
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as the middle one, and with a large opening in the side, cut to allow 
thu exit of the smoke and flame. It 1ms also an iron stem, with a 
wooden handle (an old chisel answers the [Hii-pose very well) for re- 
moving it occasionally. 

The bellows, which are double (d), are firmly fised by a little ctin- 
trivaOce which will lake oft' and on, to a heavy stool, as represented in 
the plate; and tlieir handle should be lengthened so as to make then) 
work easier to the hand. To increase their force on particular oc- 
casions, a plate of lead may be firmly tied on the wood of the upper 
Sap. The nozzle is received into a hole in the pot c, which conducts 
the blast into its cavity. From hence the air passes into the fire- 
place a, through six holes of the size of a large gimlet, drilled at 
equal distances through the bottom of the pot ; and all converging in 
an inward direction, so that if prolonged, they would meet about the 
centre of the upper part of the lire. Fig. 56 shows the distribution 
of these holes in the bottom. The large central hole is intended to 
receive the stand a, fig. 53, which serves for supporting the crucible- 
No luting is necessary in using this furnace, so that it may be set 
up and taken down immediately. Coke or common cinders, taken 
from the fire when the coal just ceases to blaze, sifted from the dust, 
and broken into very small nieces, forms the best fuel for higher 
beats. The fire may be kindled at first by a few lighted cinders, and 
a small quantity of wood -char coal. 

The heat whioh this little fui'nace will afford is so intense, tliat its 
power was, at first, discoveied accidentally by the fusion of a thick 
piece of cast iron. The utmost heat procured by it was 167° of 
Wedgwood's pyrometer piece, which was withdrawn from a Hessian 
crucible, when actually sinking down in a state of porcellanous fu- 
sion, A steady heat of 155° or 160° may be depended on if thefire 
be properly managed, and the bellows worked with vigour". 

By a letter from Mr, Aikin, I have learned, also, a convenient way 
of exhibiting, in a lecture, and performing at other times, the pro- 



cess of cupellation, by means of this furnace. It consists in caua- 
portion of the blast to be diverted from the fuel, and to pass 
;K a crucible in which the cupel is placed. This arrange- 



ment supplies air j and the whole may be seen by a sloping tube 
fun through the cover of the crucible. Fig. S7 shows the furnace, 
when used for this purpose ; n a the furnace ; b the perforated stop- 
|ier for the central blast ; c c a portion of earthen tut>e, through 
'■ivhich the air passes, and is heated during this transit ; e a piece of 
soft brick perforated to admit the earthen tube/, which may oe kept 
<ipen for inspecting the process. No luting is required, except to 
join / to e. 

Fio. 58. Knight's p()rtable fumacct, composed of strong iron 

Slate lined with fire lute, the inside diameter six inches ; a shows 
le grate ; b the ash pit door ; d the door of the fire-place when used 

• See Fhilosopliical Magazine, vol. tvii. p. 166. 
-j-Tliis fuma«e is also desciibcd in vul.i, p. 3.3. 
Vol. I,— 3 A 



in useful purposes; a the internal cavitVi which is square, fnr cop 
fining the fuel and the crucible : b the flue passing into a hot cliam- 
ber c ; an appendage parficularlj useful for dryin? liifed crucible?, 
Or bringing tlicm to a proper temperature for t! e furnace; fur roast- 
jng ores and various other -purposes : d the Gue i.ounecting it with 
the vertical chimney f ; ivhich, to produce a stroug beat, should 
,never he less than thirty or forty feet high ; // covers, consisting 
.«f twelve-inch Welsh tiles, with handles : g we stoke hole, tliroui;n 
_which no more of the fire is seen than what appears betueen the 
grate and the bearing bar h. Tbis space is left for tlic double pur^ 
pose oF raking the fire, and occasionally taking out the bars ; fc lhe 
ash pit, which is sunk below the level of the ground, and is covered, 
where it projects at I, by an ii-on grating. 

f The best situation for tliis furnace, is an angle of the laboratory, 
^the chimney being in the corner, as represented in the sketch. By 
,this arrangement, the operator is spared the disa^rreeable necessity 

^^f scorching his legs, by standing opposite the stoke hole, while the 
^acks of his legs are exposed to a current of cold air rushing to the 
furnace. 

, Figs. C2 and 63 are different views of a furnace invented by Mr. 
^night, and convertible to various purposes. 
,. Tne'inside of this furnace is nine inches sr|uare, and sixteen iuches 

^deep from tJie top to the grate. The face of the ojiening at g rises 
at an angle, which makes the back part live inches higher tiian the 
^ront. This contrivance enables us completely to cover a lara;e re- 
ifort with fuel, without obstructing the passa^ of the air, and also 
j^elieves partly the weight of the cover, when itrequires to be moved- 
^he walls of the furnace are at least a brick and a half tliick, and as 

Such more as local convenience will allow. By sinking the ash pit 
ilow the level of the ground, at i, the height of the furnace needs 
_,jiot exceed eighteen inches, which renders the management of the 
k,irucl much more easy, and subjects the face and hands less to the ac- 
tion of the heat. The ash pit a, must be at liiast eigliteen inches 
^deep, below the surface of the ground, and more if convenient. It 
^^must have an opening, projecting from it three or four feet, to be 
covered with boaids, ana with an iron grating next the furnace. This 
(preserves the legs of tlie operator from the action of the fire. 

The grate h is foi-med of separate bars, each of a triani;ular shape, 
^hree fourths of an inch apart, and resting on two beari^rs. In the 
^Vont of the furnace, an iron bar is to be placed to support the brick- 
l.work, and to leave an opening, through which the nars may Occa- 
^sionally he drawn out, and tlie fire raked and cleared of the vbg. 
The chimney e is two and a half inches from the top, and fom- and a 
^lialf wide b^ two and a half high. 

To iit this furnace for occasional distillation with the naked fire, 
OR opening, d, fig. 62, is left on one side, which is filled up, when iMt 
wanted, by five pieces of soft fii-e^brick, cut to a proper shape, and 
^secured by a day lute. It is pro]iei', also, tobe provided with other 
|,pieces. having arched openings for ninsmittingtW neck of a Atort. 
<lne of these pieces may have a round hole for occasionally' t'l-ans. 



Jixouat of Dr. IVoiUuton's Scale of Chemical Equivalents, 
'YVioiiison's Jn. nf Fkilos. vol. 4, p. 176.' 

This scale is of so much convenience to the practical chemiel 
that I seize the earliest opportunity to make it kdowq to my rea-- 
ders in general. It gives the compositii>n of any weight whatever 
of any of the salts contained on the scale, the quantity oF any other 
ult necessary to decompose it, the tiuantif y of new salt that will W 
formeil, and many other similar tilings, wnicli are perpetually oc- 
curring to the practical chemist, and cannot be answered witlioiit 
an arlUimetical calculation. I have used such a scale for above six 
months, and found it attended with numberless advantages. I can- 
not undertake to explain the instnimenf, either more clearly, or in 
fewer words, than Dr. Wollaston himselfhas done in his own paper. 
1 conceive, therefore, that the best thina; 1 can do is to present my 
readers with the following extract from that paper, which contain* 
the most material part of it, as far as the explanation of the instru- 
ment is concerned: — 

"It is not my design, in the table which follows tills paper, to at- 
tempt a complete enumeration of all those elements or corapountU 
which I suppose to be well ascertained, but merely to include some 
of those which most frequently occur. I do not offer it as an at- 
tempt to correct the estimates that have been formed by others, 
bu,t as a method in which their results maybe advantageously 
applied in forming an easy approximation to any object of nur 

" The means by which this is effected may be In part understood 
by inspection of "the Plate [I!.], in which will be seen the list of 
substances intended to be estimated, arranged on one or the other 
side of a scale of numbers in theorder of their relative weights, and 
at such distances from each other, according to their weights, that 
the series of numbers placed on a sliding scale can at pleasure be 
moved, so that any number expressing the weight of a compound 
fflay be brought to correspond with the place of that compound in 
the adjacent column. The arrangement is then such, that the 
weight of any ingredient in its composition, of any re-agent to be 
employed, or precipitate that might be obtained inits analysis, will 
be found opposite to the point at which its respective name ig 
placed. 

" In order to show more clearly the use of this scale, the Plate 
Kttiibits two different situations of the slider, in one of which oxy- 

• Dr. VVollaston's paper h publUlicJ 




• HEMIOAL EmitVALEirrR. 

sen is lU, &ii(l the olher bodies are in their due proportion to it,w 
Siat carbonic ucid being 37.34, and lime 35.46, carbonate of lime is 
placed fit 63. 

" In the aecond figure, the slider ia represented drawn upwards 
till 100 correapiHids to muriate of soda; and accordingly the si^ale 
then sliows how much of each substance contained in the table is 
cqaiviilent to 100 of common salt. It sliows, with regard to the 
different Tiews of tlie analysis of this salt, that it contains 46.0 dry 
tpariatic acid, and 53.4 of soda, or 39.8 sodium, and 13,6 oxygen-, 
or if viewed as chloride of sodium, tiiat it contains 60.£ chlorine, 
arid S9.8 sodium. With respect to re-agents, it may be seen that 
SBS nitrate of lead, containing 191 of litharge employed to separate 
the muriatic acid, would yield a precipitate of 237 muriate of lead, 
and that there would then remain in solution nearly 14i5 nitrate of 
soda. It may at the same time be seen, that the acid in this quan- 
tity of suit would serve to make 333 corrosive sublimate, containing 
185,3 red ONide of mercury, or would make 91.^ muriate of ammo- 
nia, composed of U muriatic gas (or hydro -muriatic acid), and 29.5 
ammonia- 'I'he scale shows also, that for the pupuse ot obtaining 
the whole of the acid in distillation the quantitvof oil of vitriol re- 
quired is U'i.vrly 84,and that the residuum of this distillation would 
be 12:3 dry sulphate of soda, from which might be obtained, by ciys- 
tallization, 277 of Glauber salt, containing 1 53 water of crviitalliza- 
tion. These and many moie such answers appear at once by bare 
inspection, as soon as the weight of any substance intended forex- 
amination It, made by motion of t!ie slider correctly to correspond 
with its place iu the adjacent column. 

" Witd respect to the method of laying down the divisions of this 
uale, those who are accustomed to the use of other sliding-ruleSi 
and are practically acquainted with their properties, will recogtUH 
Upon the slider itself the common Gunter^s line of numbers (u ifU 
termed), and will be satisfied that the results which it gives «re (he 
same that would be obtained by arithmetical computation. 

" Those who are acquainted with the doctrine of ratios, and with 
the use of logarithms as measures of ratios, will understand the 

Shiciple on which this scale is founded, and will not need to be 
id that all the divisions are logometric, and consequently that the 
■^"fchanical addition and subtraction of ratios here perlormed by 
wition, correspond in effect to the multiplication and din- 
if 1^'e numbers by which those ratios are expressed in comnms 
litAtical notation. 

"o uthefs who are not equally conversant with the nature flf 

thms, and consequently have not so correct a conception ij 

EOit jde of ratios, some furtlier explanation of the mode is 

he scale of equivalents is coiistructeil, will, I presume, be 

dc. 

will observe, that tlie series of natural numbers are mt 

equal intervals on the scale; but that at all equal inter- 

lund numbers which bear the sauie proportion lo .^tich 

Ig. 3, some of the larger intervals alone are represented 




on ft line similarlj divmcd. J he succession ot latervnls, marked 
A, B,C, I), R.areall equal, atid.at these points of divisiun areplaceil 
number? I, 3, 4, 8, 16, which increase progressive! j^ by the s 
ratio. And since the series 3j 6: 12: 34 increase in the a 
ratio of 1 to a, these intervals a, b, c, d, e, are tlie same as the for- 
mer. At another euccesaion of ditferent yet etjual intervals, marked 
F, G, H, I, are placed numbers 1, 3, 9, 2", which increase regularly 
by an eijual ratio of 1 to 3; and by nutans of a pair of compasses it 
would be found that the interval from 2 to fi, or from 6 to 1 8 {which 
are the same ratio of I to 3j, is exactly equal to F G, the interval be- 
tween 1 and 3. As any single space represents any one ratio, so 
the sum of any two or tiiree equal spaces represent a double or 
triple ratio. If 1 be increased three times by the ratio of 1 to 3, it 
becomes 8, which bears to 1 triple the ratio of 2 to 1. This ratio is 
therefore represented by A D, which is the triple of A B. 

" The distances of the intermediate numbers 5, T, It), H, IS, &,c. 
from 1 are likewise made proportional tothe ratios which they bear 
to 1, and are easily laiddownby meansofa table of logarithms; for 
as these are arithmetic measures of the ratios which all numbers 
^ bear to unity, the space proportionable to them become linear re- 
presentations of the Hati^p quantities. 

" As the entire spaces AD, A E, represent the ratios of 8 and (»f 
16 respectively to I , so the difference D E represents the ratio of 8, 
and 16, which stand at DandE, toeachotlier. And in the same man- 
ner any other space, k I, represents correctly the ratio of T to 13; 
so that the measure of a fraction expressed by quantities that are 
incommensurate is rendered as obvious to sight as that of any simple 
multiple. And if a pair of compassei> be opened to this interval, 
and transferred toany other part of the scale, the points of the com- 
passes will be found to rest upon numbers bearing the same pro- 
portion to each other as those from which the interval was trans- 

" Ttis exactly in tliis manner that the various points in the column 
of equivalents indicate the several quantities sought in any given 
position of the slider. The relative distances, at which tlie articles 
arc placed, represent so many ditfe rent openings of the compasses 
rendered permanent and presented to view at once. In the table, 
which I shall place at the end of this communication, the relation 
of the various substances enumerated to each other is expressed by 
numbers.* In the engraved scale of equivalents, the ratios of these 
numbers are represented by logometric intervals at which they are 
placed, their several positions being determined by those of their 
respective numbers on the slider, which is loffometricatly divided. 
Consequently all the several points in the colmnn of equivalents 
wili indicate numbers in the same due proportions to each other, 
whatever part of the scale may be presented to them. Those who 
seek information may obtain it by inspection; those who already 
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HAftB S CALOSIMOTOR. 

electro-motion, and the plates producing it electro -motors. But 
the phenumeaa show that the plates, as Ihave arranged them, are 
baloti -motors, or heat'inovers, and tlie eflect calori -motion. That 
this is a new view of the subject, may be inferred from the F»l- 
taw.ing passaj^ in Davj's Elements. That great chemist ob- 
sei'vea, " When very timall conducting surfaces are used foi- con- 
veying very Urge quantities of electricity, tliey become ignited; 
«na of the different conductors that have been compared, charcoal 
IB most easily healed by electrical dischar^s^, next iron, platina, 
gold, then copper, and lastly, zinc. The phenomena of electrical 

Snition, whether taking place in gaseous, fluid, or solid bodies, 
ways seem to be the result of a violent exertion of tlie electrical 
ittractive and repellent powers, whicli may be connected with 
motions of the purticles of the substances affected. That no sub- 
tile fluid, such as the matter of heat has been imagined to be, can 
be discliarged from these substances, in consequence of the effect 
(^ the electricity, seems probable, from the circumstance, (Jiat a 
wire of platina may be presented in a state of intense ij^nition in 
vacuo, by means of tlie voltaic apparatus, for an unlimited time; 
end such a wire cannot be supposed to contain an ineshaustible 
quantity of subtile matter." 

, But I demand where are the repellent and attractive powers to 
which the ignition produced by the Calorimotor can be attributed? 
ilesides, I would, beg leave respectfully to inquire of this illus- 
trious author, whence the necessity of considering the heat evolv- 
ed under the circumstances alluded to as the eflect of the elec' 
^tecal fluid; or whj we raa^ not as well suppose the latter to be 

'excited by the heat** it is evident, as he observes, that a wire cannot 
Jle supposed to contain an inexhaustible supply of matter how- 

.«VBr subtile; but wherefore may not one kind of subtile matter 
be supplied to it from tlie apparatus as well as another; especially, 
JWhen to suppose Buchasu^piy isquiteas inconsistent with the cha- 

' -racteristicB of pure electncity, as with thqse of pure caloric? 
It is evident from Mr. Children's paper in the Annals of Phi- 
losophy, on the subject of his large apparatus, that tlie ignition 
produced by it was ascribed to electrical excitement. 

For tlie purpose of ascertaining the necessity of the alternation 
and proximity of the copper and zinc plates, it has been men- 
.tioned that distinct square sheets were employed. The experi- 
ments have since been repeated and found to succeed by Dr. Pat- 
.terson and Mr. Lukens, by means of two continuous sheets, one 
.tif zinc, the other of copper, wound into two concentric coils or 
■spirals. This, though tlie circumstance was not known to them, 
was the form I had myself proposed to adopt, and had suggested 
as convenient for a galvanic apparatus to several friends at the 
beginning of the winter;t though the consideration above stated 

■ The concluBioDs are drawn from experiments matlebj tlie electricily 
of the voltaic apparatus. 

t Kapeciallj to Dr. T. P. JooeE, aod Mr. Rubens Poale, who r?memhcr 
4be Bug^stioa. 



indnceil me to prefer for a first experiment » more m&nageaMe 
arrun^nicnt. 

Since writing the BboT«, I fiiul that when, in the apparatus of 
twenty copper Bn<l twenty zinc plates, ten copper plutes on one 
side are cimnected with ten ziDC on the other, and a tomnntnica- 
tion made between the remaining twenty by a piece of iron wire, 
about the eighth of an inch in diameter, the wire enters into a 
vivid state of combustion on the immersion of the piates, Platina 
wire equal to No. 18 (the largest I had at hand) ia rapidly fused 
if substituted for the iron. 

'fliis arrangement is equivalent to a battery of two lai^ gal- 
vanic pairs; excepting that there is nu insulation, all the plates 
being plunged in one vessel. I have usually separated tlie pairs 
by a board, extending across the frame merely. 

Indeed, when the forty plates were successively associated in 
pairs, of copper and zinr, thong!) suspend<:d in a fluid held in R 
common recipient without partitions; there was considerable in- 
teosity of galvanic action. This shows that, independently of any 
power of conducting electricity, there is some movement in the 
solvent fluid wliich lends to carry forward the galvanic principle 
from the copper to the zinc end of the series. I infer that electro- 
caloric is communicated in this case by circulation, and tiiat in 
non-elastic tluids the same difBculty exists as to its retrocession 
frtnn the positive to the negative end of the serees, as is feand 
in the downward pussa;;!! of caloric through them. 

It ought til be mentioned, that the connecting wire shouM be 
placed between the heterogeneous surfaces before tJieir immer- 
aion, as the most intense ignition takes place immediately after- 
ward. If the connection be made after the plates are immersed, 
the effect is much less powerful, and sometimes after two or three 
immersions the apparatus loses its power, thou;;h the action of the 
solvent should become in the intenm much more violent. With- 
' out any change in the latter, after the plates have been for some 
time suspended in the air, they regain their eflicacy. I had^ib- 
Berved in a galvanic pile of .three hundred pairs of two inches 
square, a like consequence resulting from a simultaneous immer- 
tion of the whole.* The bars holding the plates were balanced by 
weights, as window-sashes are, so that all the plates could be very 
(juickly dipped. A platina wire. No. 19, was fused into a globule, 
wlUle tlie evolution of potassium was demonstrated by a rose-co- 
nred flame arising from some potash which had been placed be< 
*"'"B the poles. The heat however diminished in a few secoudt, 
)l the ^eater extrication of hydrogen liom the plates indieat- 
— e intense chemical action. 

bly to an observation of Dr. Patterson, electricxl excite- 
jTBo detected in the apparatus by the condensing elM- 
Ifjni this is no more than what Volta observed to M ths 
e of the contact of heterogeneous metals. 

• Sue Plate, t'ig. 3. 




The thinnest piece of charcoal intercspts the caloric agent, 
whatever it may be. In order to ascertain this, the inside of a 
hollow brass cylinder, having the internal diameter two iuuhea, 
and the outside of another smaller cylinder uf the same Bubalance, 
were made conical and correspondent, bo that the greater would 
contain the less, and leave an interstice of about one- usteenth of 
an inch between them. This interstice was filled with wood, by 
plugging the lai^er cylinder with this material, and excavating 
the plug till it would permit tlie smaller brass cylinder to be driv- 
en in. The eicavation and the fitting of the cylinders was per- 
formed accurately by means of a turning lathe. The wood in the 
Y interstice was thencliarredbyesposingthe whole covered by sand 
in A crucible to a red heat. The charcoal, notwithstanding the 
shrinkage consequent to the fire, was brought into complete con- 
tact with the inclosing metallic surfaces by pressing the interior 
cylinder further into tne exterior one. 

Thus prepared, the interior cylinder being made to touch one 
of the galvanic surfaces, a wire Drought from the other galvanic 
surface into contact with the outside cylinder, was not anected in 
the least, though the slightest touch of the interior one caused iu;' 
nition. The contact ofthe charcoal, with the containing metals 
probably took place throughout a superficies of four square iocheB, 
and the wire was not much more than Ijie hundre<lth part of an 
inch thick, so that unless it were to conduct electricity about for- 
ty thousand times better than the charcoal, it ought to have been 
heated; if the calorific influence of this apparatus result from 
electrical excitement. 

I am led finally to suppose, that the contact of dissimilar metals, 
when subjected to the action of solvents, causes a movement in ca- 
loric as well as in the electric fiuid, and that tlie phenomena of 
galvanism, the unlimited evolution of heat by friction, tlie extri- 
cation of gaseous matter without the production of cold, might all 
be explained by supposing a combination between the fluids of 
heat and electricity. We find scarcely any two kinds of ponder- 
able matter which do not exercise more or less affinity towards 
each other. Moreover, imponderable particles are supposed hi^- 
ly attractive of pondendile ones. Why then should we not infer 
the existence of similar affinities between imponderable particles 
reciprocally? That a peculiar combination between heat and 
light exists in the solar beams, is evident from their not imparting 
warmth to a lens through which they may pasa, as do those of our 
culinary fires. 

Under this view of the case, the action of the poles in galvanic 
decomposition is one of complex affinity. The particles of com- 
pounds aie attracted to the different wires agreeably to their sus- 
ceptibilities to the positive and negative attraction, and the calo- 
ric leaving the electric fluid with which it had been combinedj 
unites with them at the moment that their electric state is neu- 
tralized. 
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substituted for the connecting wire, as soon as the immersion of J 
the apparatus causes the metal to burn, the rose-coloured llame- J 
appears, and if the residuum left in the sheet iron be afterward'j 
thrown into water, an eftervescence sometimes ensues. 

I have ascertained that an iron heated to combustion, by »-l 
blacksmith's forge fire, will cause the decomposition of the hydrate 
of potash. 

The dimensions of the calorimotor may be much reduced witli- 
out proportionably diminiahinj; the effect. I have one of Bixty 
plates, within a cubic foot, wliich burns off No, 16, iron wire. A 
good workman could get 130 plates of a foot stjuare within a hol- 
low cube of a size no larger. But tlie inflamTnation of the hydro- 
gen which gives so much splendor to the experiment, can only 
' Be exliibi ted advantageously on a large scale. 




Aa, Fig. 1st, two cubical vessels, 20 inches square, inside. I 
bb b b n frame of wood containing SO sheets of cupper, and 20 
' sheets of zinc, alternating with eacn other, and about half an inch 
apart. T T ( ( masses of tin cast over the protruding edges of 
the sheets which are to communicate with each other. Fig, 2, 
represents the mode in which the junction between the Various 
sheets and tin masses is effected. Between the letters x x, the 
zinc only is in contact with the tin masses. Between c c the copper 
alone touches. It may be observed, that, at the back of the frame, 
ten sheets of copper between c c, and ten sheets of zinc between 
X %, are made to communicate, by a common mass of tin estend- 
ing the whole length of the frame, between T T: but in front, as 
in fig. 1, there Is an interstice between the mass of tin connecting 
the ten copper sheets, and that connecting the ten zinc sheets. 
The screw forceps, appertaining to each of tne tin masses, may 
be seen on either side of the interstice: and likewise a wire for 
ignition held between them. The application of the rope, pulley, 
and weights, is obvious. The swivel at 8 permits the frame to be 
swung round and lowered into water in the vessel o, to wash off 
the acid, which, after immersion in the other vessel, might con- 
tinue to act on the sheets, encrusting them with oxide. Between 
f p there is a wooden partition which is not necessary, though it 
may be beneficial. 

Fig, S, represents an apparatus alluded to, page 419. It con- 
sists of a couronne des tasses, reduced to a form no less compact 
than that of the trough. Hollow parallelopipeds of glass are sub- 
stituted for tumblers or ceUs. The plates are suspended to bars 
counterpoised like window -sashes. 

The advantages are as follows. The material is one of the best 
non-conductors, is easily cleansed, and is the most impervious tu 
solvents. The fracture of one of the cups is easily remedied by 
a fiupernumerary. They may be procured (as in the Ignited States) 
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